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PREFACE 
ITie work on this thesas was carried out in the 
Department of zoology, Feroze Gandhi College, Kae 
Bareli. from May 1990 to April 1995 under the guidance 
and supervision of Dr.K.N. Srivastava, M.Sc, Ph.D., 
Reader. Department of zoology, Feroze Gandhi College, 
Rae Dareli. 
"Studies on river Soi with special 
reference to its fauna" is the subject of this thesiB. 
The thesis has been divided into eleven papers which 
have been grouped into two sections.. Section - I deals 
with three papers dealing with physico-chemical 
characteristics of the river Sai water at six selected 
sites between Lohanipur and Behta Khurd of the district 
Rae Bareli. The last paper of this section deals with 
Water Quality Index of River Sai at the selected sates . 
The pollution level of these sites have been determined 
on the basis of W.Q.I. A total of eight papers concerned 
with zoological studies on raver Sai comprise section 
ri. The first paper is a review of the literature on the 
fauna of the different rivers followed with papers on 
invertebrate and vertebrate fauna especially fishes, the 
density and diversity of zooplanktons and benthic 
animals of river Sai. Ecological, biochemical and 
physiological studies were carried out on selected 
animals and_ the observations are presented in the 
thesis. 
It gives me a great pleasure to record my most 
sincere gratitude to my guide and mentor Dr.K.N. 
Srivastava, M.Sc.Ph.D., Reader, Department ot Zoology, 
Feroze Gandhi College, Rae Dareli,for his keen 
interest, encouragement and valuable guidance during 
the course of all these investigations. 
I also express my grateful thanks to Dr. A.K. 
Sinha, M.Sc, Ph.D.,Reader and Head, Department of 
Botany, Feroze Gandhi College. Hae Bareli, for helping 
me at every stage of those investigations and offering 
useful suggestions. 
I wish to record my sincere thanks to the 
former and present principal of the college Dr. M.C. 
Johari and Dr. R.P. Uingh, respectively for providing 
laboratory facilities and use of equipments and 
materials. 
Dr.P.Das, Director, National Bureau of fish 
Genetic Resources, Allahabad, Dr. Ravish Chandra, Dr. 
Balbir Singh and Dr. M.A. Khan, Scientists. Central 
Inland Capture Fisheries Research Institute, Allahabad, 
Dr. V.K. Srivastava, Head, zoology Department. Dr. P,S. 
Pandey. Dr. Anil Kumar, Lecturer in Botany, and 
Dr.(Mrs.) Tuneera Kumar, Research Associate in 
Environment Research Centre, Feroze Gandhi College, Rae 
iJL 
Envix-orunent Research Centre, P'oroze Gandhi College. Hae 
Dareli. have always encouraged me and provided help 
whenever needed, I off ex* my heart-f el L gratitude to all 
of them. 
Ny sincere and gratetul t?)anXs are also due to 
all my research colleagues and friends who have helped 
me in various ways during the completion of the research 
studies. They include Dr. (Mrs.)Poornima Vajpayee, Dr. 
(Miss) Seema Crivastava, Dr. (Mrs . )An.ial i Dwivodi , Dr. 
(Mrs.) Poonom Srivastava , Mrs. Anupama Krishan , Mr. 
Ajit Srivastava. Dr. Ashutosh Tripathi, Mr. Ratnakcr 
Singh, Dr. Rajosh Kumar Srivastava. Dr. D.K. Srivastava 
and Mr. Sanjai Singh. 
My grateful appreciations are OLIBO duo to Mr. 
Suresh Shaxma, Mx-. Lalji Srivastava, Mr. Rom Roop and 
Mrs. Kiran Gupta for their help in photography and 
typing of the manuscript. 
Finally. I am obliged to my husband Dr. V.S. 
Srivastava. my paxents Sri Ganesh Prasad Srivastava and 
Mrs. Shanti Devi, my parents-in law. Late Dr. A.D. Lai 
and Mrs.Kaiawati Srivastava,my brothers and their wives, 
namely Mr. and Mrs. Vinod Kumar Srivastava, Mr. and Mrs. 
Vijai Kumar Srivastava and my loving sister Mrs. Pranay 
Srivastava, my qncle Mr. Hajari Lai Sharma and Dr. J.S. 
Pandey who have always been a source of inspiration and 
encouragement to me. 
ITie thesis is dedicated to my respected uncle 
Dr. S.K. L'inha without whose support. cooperation and 
inspiration, I would not have been able to complete the 
present worX. 
RESUME OF TM THESIS -^  
Studies on river Sai with special reference to 
its fauna between Lohanipur and Dehta Khurd at HaeUareli 
form the sub]ect matter of this thesis. This thesis 
deals with the studies on physico-chemical 
characteristics of river Sai water and the effect on 
invertebrate and vertebrate fauna of the river conducted 
during the period May.1990 to April,1995. 
This dissertation has been divided into two 
sections. Section - I has three papers and a list of 
literature cited. While eight papers have been included 
in Section - II. 
A brief account of the papers is being 
presented below : 
SECTION - I 
Physico-chemical Studies of river Sai Water 
1. Introduction - Review of Literature on River Sai an4 
related Rivers 
River Dai - sub tributary of river Canga and a 
tributary of river Gomati, originates as a nullah from 
Hardoi district and passes through the industrially 
developing districts of Unnao, Rae Dareli, Pratapgarh 
and Jaunpur, thus covering a distance of about 450 Kms. 
\ll 
The literature pertaining to the physico-
chemical characteristics ot river Sai and related rivers 
i.e. Ganga, Yamuna and Gomati, has been briefly reviewed 
in this paper. A brief description of the selected 
sampling sites i.e. Lohanipur. Rajghat, Munshiganj,. 
Dariyapur, Jagdishpur and Behta Khurd at Kae Bareli of 
river Sai have also been included. 
2. PhvsiCO- chemical characteristics of River Sai 
between Lohanipur and Behta Khurd 
This paper deals with the observations on 
temperature, colour and odour of water, industrial 
effluents, and municipal wastes were recorded on the 
sites itself while the remaining parameters i.e. five 
physical parameters (conductivity, total solids, total 
dissolved solids, total suspended solids and turbidity) 
and thirteen chemical parameters (pH, oxidation redox 
potential, phenolphthalein alkalinity, total alkalinity, 
acidity,free carbondioxide, hardness,calcium, magnesium, 
chloride,dissolved oxygen,biochemical oxygen demand and 
chemical oxygen demand) were analysed in the lab. 
The analysis of these parameters revealed that 
temperature, total solids, total dissolved solids, total 
suspended solids, calcium, magnesium and chlorides were 
observed below the ISI. 1965; WHO, 1971; and IS, 1983; 
standards for drinking water and industrial effluqnts 
apd sewage waste while the values of DO. BOD, COD were 
VLI 
highe/ than the tolerdnce limit. Seasonal vajriations of 
the parameters revealed that concentration ot parameters 
decreased duiing monsoon season whereas increased during 
winter and summer seasons except turbidity and solids 
which showed just reversible pattern. Sitewise variation 
revealed that Rajqhat. Dariyapur and Jagdishpur were 
highly polluted as compared with those of other* sites. 
The higher concentration of parameters were due to the 
discharge of untreated sewage, effluents of sugar 
factory, paper mill and Indian Telephone Industries 
mixed eflluents. It might thus be concluded that during 
the period of study, water of the river Sai between 
Lohanipur and Dehta Khurd was lound to be mode/'ately to 
most polluted. 
3. Water Quality Index (WQI) For River Sai Water fii 
R<»e Bare 11 
'Hie water quality index (WQI) of river Dai 
water at six selected sampling sites viz. Lohanipur, 
Rajghat,' Munshiganj, Dariyapur, Jagdishpur and 
Behta Khurd has been investigated. The WQI was 
calculated using the data of eight physico-chemical 
parameters viz. pH, alkalinity, total hardness, DO, BOD, 
chlorides, calcium and magnesium. On the basis of the 
obser-vdtions presented, it was noted that the water of 
river Dai at Rajghat, Dariyapur. Jagdishpur and 
Behta Khurd was severely polluted while at the remaining 
sites it was observed to be moderately to excessively 
\J\\I 
polluted. 
SECTION - II 
Zoological studies of river Sai 
4. Review of Literature on the Fauna gf. the different 
A brief review of the litorature curried out 
on fauna of different rivers has been presented in this 
paper. 
5, Faunistic survey of River Sai in the stretch 
from Lohanipur(Rae BarelDto Behtakhurd (Rae Bare 1 i) 
TTiiS paper deals with the fauna 1 survey, 
collection and identification ol invertebrate and 
vertebrate fauna ol the river iJai between Lohanipur and 
Behta Khurd at Rae Bareli. During the course of the 
studies a total of 184 invertebrates and vertebrates 
species were collected and identified, out of which 117 
were invertebrates and 67 were vertebrates. Amongst the 
invertebrate, 19 were protozoans. 20 rotifers, 1 
gastrotricha. 2 nematoda. 7 annelida. 14 Crustacea. 3 
zygoptera, 2 odonata, 3 plecoptera, 4 ephemeroptera, 12 
hemipteru, 2 neuroptera. 7 coleoptoru. 2 trichoptera. 6 
diptera. 2 arachnida, 9 gastropoda and 2 
lamol libranchia. The vertebrate fauna contained 1)4 
fishes. 1 amphibia, 2 reptiles and 10 birds. Pollution 
w 
indicdLor like Chironomus sp., Tubafex sp., were found 
in large numbers at the BiteB where ell'luents were 
discharged into the xivex . Molluscs were observed to b« 
present m large numbers at those sites where cremation 
took place. On the basis of the observations. it was 
concluded that direct discharge of elfluents/wastes and 
sewage, bathing. cremation and human interferences 
adversely affected the distribution of fauna. 
6. Morphometric Features And Pppula^^o" gt^^j^g al 
. l£llJ^ 2iyo£fiUQ£ si RivfiT gfii 
Tins paper deals with the morphometric 
features and population studies on Ichthyofauna of rivei* 
Sai at the selected sites. During the course of studies 
a total of fifty four species of fishes belonging to 
nineteen families viz. Clupeidae. Engraulidao, 
Notopteridae, Cyprinidae, Gobitidae, Siluridae, 
Baqridae. Sisoridao, Schilbeidae, Saccobranchidae, 
fielonidae. Ophiocephalidae, Amphipnoidae. Centropomidae, 
Nandidae, Anabantidao, Gobiidae, Mastacerobelidae and 
Tetrodontidae were collected and identified. Out of 
which the maximum number of fishes belonged to the 
family Cyprinidae while the highly populated fish 
belonged to the family Dagridae. 
Silewise and seasonal variations of fish 
population were observed to be good population of fishes 
at all tlie sites except Jagdishpur and Dariyapur in 
X 
winter season, while the poor population ot fishes were 
observed during sumner season from all the sites except 
Lohanipur and NunshiganJ. It is noticeable that the 
minimum population ot fishes in all the seasons was 
observed at Kajghat. Oariyapur and Jagdishpur as 
compared to the remaining sites. Present studies have 
revealed that the fish fauna is directly proportional to 
the limnological condition of water. 
7. Studies on Density. Diversity and Composition of 
ZooplanXtoagof River 5ai from Lohanipur to 
Behta Khurd (Rae Bare1i) 
Density, diversity and composition of 
zooplanktons of river Sai water ut the selected sites 
were studied and the observations have been presented in 
this paper. It was observed that zooplanktons of the 
river water mainly consisted of a variety of protozoans, 
rotifers, cladoccrans and copepods. 
The zooplankton density of the river water 
ranged between 14 no./litre and 2Qti no./litre ut all the 
sampling stations. ITie maximum zooplankton density was 
observed at the left bank of Lohanipur in the month of 
April while the minimum density was recorded from the 
same bank at Jagdishpur in.July. It was also observed 
that the zooplankton density increased during summer 
season i.e. March to June while it decreased in the 
monsoon season i.e. July to October. The zooplankton 
^ 
diversity indices value ranged from 0.607 to 1.0U9. On 
the basis of Staub et. aj.. (1970) scale the water was 
catayorised to be moderately polluted to heavily 
pblluted. 
8. Zoobenthos Density and Diversity of River Sai Between 
Lohanipur arid Behta Khurd at Rae Bare 1 i 
Zoobenthos density and diversity of river Sai 
were studied and the observations have been presented in 
this paper. Denthic forms includes a variety of 
annelids, arthropods and molluscs. The higher density 
calculated at Rajghat. Dariyapur, Jagdishpur and 
Behta Khurd was mainly due to the presence of a large 
number of Chironomus sp. and Tubifex sp. At Munshiganj, 
it was higher" due to the number of molluscs. The 
observations of zoobontlios diversity showed that the 
selected stretch was lightly to heavily polluted. 
It was also observed that the seasonal 
variations greatly affected the density and diversity of 
zoobenthos. Tlio zoobenthos density was observed to be 
maximum during summer and minimum during monsoon months. 
9. Haematoloav of. Fresh WaJ^ sr Fishes with reference ifi 
Length. Sex and Pollution 
1710 haematological parameters of two fresh 
water- fishes namely Labeo bata and Rita rit^ with 
reference to body length, sex and pollution forms the 
w 
subject matter of this paper. These Iishes were 
collected from river L3di between Lohanipur and 
Behta Khurd (Rae Bareli). Total erythrocyte counts were 
observed to be higher in Labeo bata than those in Rita 
rittt. In Rita rata larger size of erythrocytes and 
nuclei were observed. The most peculiar observation was 
the presence of haemoblast cells in Rita rita while 
these particular cells were found to be absent in Labeo 
bata. The percentage of large lymphocytes were higher 
than the other leucocytes in Labeo bata while the 
percentage of thrombocytes wore higher in Rita rita. In 
males the erythrocytes were more in number than the 
females. A relationship between the body length and the 
blood cell numbers was also estimated. These 
observations have been discussed in relation to the 
water quality of the river Sai. 
10. Eneroic Values of Certain Invertebrates and 
Vertebrateg in Rele^ tion to Water Quality of River Sd| 
This paper deals with the enorgic values of 
certain invertebrates i.e. annelids - Eiseniella sp., 
Tubif ex sp. ;arthropods - Macrobrachium lainmerrei .Corixa 
sp:.Plea leachi. Hydrometra gtaonorum. Dragon fly nymph. 
May fly nymph, Chironomus larvae; molluscs - Anodonta 
sp. .Lamellidens marginal is , Melanoides tuberculatus. 
Vivipera benaalensis. Limnea sp. and Vertebrates i.e. 
fishes - Wa11ago attu, Rita rita. Eutropiichthys vach». 
Labeo calbasu and Maatacembelus pancalus. Out of these 
38 
tishes Wallago attu was tound abundant an all seasons, 
thus the seasonal variation of this fish was also 
studied. Sitowise variations revealed that the molluscs 
and fishes showed higher calorific values at purer sites 
and lower values at comparatively polluted sites. 
Carnivorous fishes i.e. Wallago attu. Rita rata. 
Eutropiichthys vacha showed higher calorific values than 
the herbivorous and omnivorous fishes. Pollution 
indicators i.e. Tubifex sp. and Chironorous larvae which 
live in the low oxygen concentration atmosphere showed 
higher calorific values at the places where effluents or 
sewage discharge took place. Seasonal variation in the 
calorific values of Wallago attu was higher in winter 
season while the lower energic values was observed in 
sunner season which gradually increased in the monsoon 
season. 
11. Biomaas and Moisture content of certain Arthropods, 
Molluscs and Fishes 
Ilie percentage of biomass and moisture 
contents of certain arthropods, molluscs and fishes 
have been studied and presented in this paper. Tlie 
observations showed that the biomass and moisture 
contents varied with the sitewiso, groupwise and animal 
wise. The results revealed that the maximum biomass of 
83.76* and minimum moisture content of 16.24% were 
obser-ved in Wa 11 aao attu collected from Munshigan.) site 
w 
while the minimum percentage of biomass 05.78* and 
maximum moisture content of 94.22% were observed in 
Macrobrachium laamerrei collected from Jagdishpur site. 
The observations clearly emphasized that 
biomass oi the arthropods, molluscs and tishes was high 
at those places where organic matter was high or where 
cremation took place, the biomass of the animals was low 
at' the places where effluent discharge took place. 
SECTION - I 
PHYSICO - CHEMICAL STUDIES OF 
RIVER SAI UATER 
INTRODUCTION - REVIEW OF LITERATURE ON 
RIVER SAI AND RELATED RIVERS 
1 
TNXBQDUCTION - REVIEW OF LITERATURE ^ 
RIVER SAX AND RELATED RIVERS 
River systein is intervoven with India's 
haatoxy. culture, religion, and philosophy and some of 
the towns/cities on their bunks date bacX to the dawn of 
history. Fortunately, the country has a large number of 
river systems which cover u length of approximately 
27,359 kms. Fourteen (14) major rivers namely- Ganga, 
Indus. Godavarj. Krishna, BruJunaputra, Nahanadi, 
Narmada, Cauvery, Tapti, Drahmani, Mahi. Sabarmati and 
Subamarokha constitute the major river systems (Rao, 
1975). Of these, the river Ganga - the second largest 
river of the country ~ originates from Gangotri In Uttar 
Pradesh and after traversing through the states of Uttar 
Pradesh, Bihar and Bengal; has its confluence at Ganga 
Sagur. The Ganga river covers a total distance of 2,525 
kms. and has a large number of tributaries which join 
the river along its course. In the state of Uttar 
Pradesh - the largest and most populous state - the 
river Ganga is joined by four main rivers •- Yamuna. 
Gomati, Ramganga and Ghagra. 
In our countr"y. the river Ganga and its 
tributaries have played important role in the 
development of human civilizations and settlements. Due 
to easy availahility of water, the industrial set-ups 
sprang up on the banks of the river and its tributaries. 
stupendous' increase in population, unplanned springing 
up ot industries and urbanisation have put tremendous 
pressure on the river and its tributaries because their 
water is used for drinking, bathing, washing and other 
miscellaneous uses. Unrestricted discharge of the 
industrial effluents into the river coupled with dumping 
of half - burnt/dead human bodies and carcasses and the 
practice of cremation on the banks of the river have 
turned the river into {Jol luted mass of water. The river 
0 
Ganga -- respected and revered as Goddess Ganga and Ma 
Gange - attracted the attention of scientists as early 
as 1950 but a sincere effort on the study of the river-
could be made only in eighties when the river was 
included in the Man and Biosphere prograronie. In the 
following paragraphs a short review of literature on the 
river Ganga and its two main tributaries has been 
presented: 
RIVER SMSh . 
studies on the physico - chemical 
characteristics of the river Ganga have been the subject 
of study by the scientists for over four decades. These 
have clearly established the fact that the river is 
under great ecological stress because of human 
interference, discharge of industrial wastes and sewage 
into the river and dumping of dead bodies and carcasses. 
This has made the water unfit for human consumption. 
Realising the importance of the river Ganga and the 
esteem in which the river is held by the people of the 
country, the Ministry of Environment und Forests, 
Government of India, under the instructions of the then 
Prime Minister Mr9. Indira Gundhi launched an integrated 
development project of river Ganga basin. A number of 
institutions participated in the project and carried out 
studies on the river Ganga during the period 1982-1990. 
Tlie names of the institutions, the titles of the project 
and the names of the Principal Investigators have been 
sunmarized in the Table I. Hie results of these studies 
have been incorporated in an excellent book entitled 
"The Ganga - A Scientific Study" edited by C.R. 
Krishnamoorty. K.S, Bilgrami, T.N. Das and R.P. Mathur 
and published by Ganga Project Directorate, Ministry of 
Environment, Forests and Wildlife, Government of India. 
After the publication of this book, a number of papers 
have also appeared which include those by Srivastava, 
1991; ShuJcla gt.fii., 1992; Shukla and Tripathi, 1992; 
Bilgrami et. SLl-> 1993; Joshi and Bisht, 1993; Slnha, 
1993; Srivastava, 1993; Shukla and Anjum, 1994 and 
Srivastava et. al. 1994. 
TABLE - I 
S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
1. Gaxhwal Pollution study of the 
University Upper Ganga and its 
Srinagar, tributaries.(Gangotri 
Garhwal to RisliiXesh). 
,2. Gurukul 
Kangri 
Viswavi-
dyalaya 
Haridwai" 
Integrated study oi 
ot the river Ganga. 
(Rishikesh to 
GarlimuXteshwar } . 
3. University Pollution modelling of 
RoorJcee, the upper' Ganga Basin 
RoorXee Garlunukteshwur to 
Narora). 
4. Aligarh 
Musiim 
Univer-
sity 
Aligarh 
Integrated study of the 
Ganga Ecosystem betv4'een 
Narora and Kannauj -
a. General Water quality 
measurement. 
b. Taxonomical studies 
of bacteria. 
c. Man-river interac-
tion studies from 
Prof.H.R.Singh 
Dr. V.Shankar 
Dr. R.P. Mathur 
Prof. A. JH. 
Siddiqui 
TABLE -I qONTD. 
S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
land use :Goographic 
points of view. 
d. Pesticides and 
radioactivity in 
the river water. 
5. University 
ot Kunpur. 
Kanpu/' 
(i) D.D.S. 
Co11oge, 
Kanpur 
PhysiCO- cheiniCO 1 
studies ol the Ganga 
water from Kannauj 
to Shuklaganj. 
(ii) Christ Biological studios of 
Church the Ganga Ecosystem 
College, between Kannauj and 
Shuklaganj. 
(lii) Feroze a. A comprehensive 
Gandhi study of the Ganga 
College, and its dependents. 
Rae-
llarol i 
b. Environmental 
awareness 
progranine. 
Dr. U.K. Pandey 
Dr. A.C. ShuXla 
Dr. A.K. Sinha 
TABLE -I CONTD. 
S. NAME OF THE 
N. INSTITl/riON 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
6. Danaras Hindu 
University, 
Varunasi 
a. Plant population. Dr. R.S.Ambasht 
community structu-
res and function ot 
riparian and aquatic 
macrophytes in rela-
tion to pollution of 
tlie river Ganqa. 
b. Physico-chemical and Dr. B. D. 
biological characte- Tripathi 
rization of the river 
Ganga in relation to 
pollution. 
c. Physico-chemical and 
physiological asses-
sment of heavy metal 
pollution in the 
river Ganga. 
d. Pollution of the 
river Ganga with 
heavy toxic metals. 
e. Coordinated study of 
the river Ganga .-
civil Engineering 
aspects. 
Dr. L.C. Rai 
Dr. D. C. 
Rupainwar 
Dr. U. K. 
Choudhary 
TABLE -I CONTD. 
S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
f. Coordinated study ot Dr. l.C. Tiwari 
and 
Dr. P.C. Son 
Dr. G. C. 
Chowdhary 
the river Ganga ; 
of the rivor water-
pollution at 
Varanasi and 
prevalence ot 
gastro-intestinal 
morbidities. 
g. Hydrogeological 
study regarding the 
pollution of the 
river Ganga,(Hydtog 
oological aspects). 
h. A study of the 
submerged and 
aquatic plants of 
medicinal and anti-
pollutant value in 
reference to the 
Ganga water 
pollution. 
i. Role of sediment in Dr. M. N. 
attenuation of trace Mehrotra 
metals in polluted 
Dr. R.H. Singh 
TABLE -I CONTD. 
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S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
aquatic envirorunont 
of the river Ganga 
Sed imeri t o 1 og i ca 1 
aspects. 
J. Impact ot heavy 
metal pollution in 
the rivor Ganga 
on tiah. 
X. Water pollution and 
endocrine imbalance 
With special refer-
ence to higli thyroid 
physiology and repro 
duction in some 
important food 
fishes. 
Dr. A.K.Mittol 
Dr. T.P.Singh 
1. A study of the i is/oi 
Ganga with reference 
to environmental and 
socio-economic aware-
ness (extension 
activities). 
m. Coordinated study 
Dr. Kr i shna 
Bahudur 
Dr. R.C.Tiwari 
TABLE -I CONTD. 
S. NAME Of THE 
N. INSTITJJriON 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
ot the rjvor Gariya 
(dgricultural aspects) 
Nirzapur to Dallia. 
7. Patna An inter disciplinary 
University study on tlio problems 
Patna "^ water pollution of 
the Xivei Gangu with 
special refr"ence to 
identifying biotu and 
their role in 
water,sedimentation and 
specification studies, 
data generation, 
collation, analysis and 
mathematical modelling 
ot the rivar quality and 
carbon .cycling. (Buxar to 
Burauni). 
1. Rajendt«i Cov>r^ ii%tt\,^ xi st\i\iy ot 
Agricul the Ganga Ecosystem 
tural Uni- from Patna to Barauni. 
versity, (Darh to Dultanganj) 
Comastipur 
Dr• R.K.Oharan 
Sr ivastava 
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N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
9. Bhaga1puf 
University 
Bhagalpur 
Study of the river 
Gonga from Monghyr to 
Farakka(Baraun i 
to Furokka). 
10. University a. Biotic communities 
of Kalyani, and productivity of 
Kalyani the river Ganga and 
its bunds as affected 
by pollution. 
b. Bio ecological 
studies of the river 
Ganga special 
emphasis on various 
aspects of the river 
fauna as affected 
by pollutants and 
restoration of normal 
faunistic pattern. 
Dr. K. S. 
Bilgrami 
Prof. K.R. 
L'amaddar 
Dr. S. P. 
Bhattacharya 
c. Physico-chemical Prof. R. Sen 
studies of the river Gupta 
Ganga for the rehab-
ilitation of the 
polluted water and 
development of 
TABLE -I CONTD. 
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S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
Prof. K. G. 
Bagchi 
analytical methods. 
(Katwa to Naihati) 
11. University a. Socio-economic 
of Calcutta, maladies created by 
Calcutta deteriorating hvdro-
fluvial region of 
the Ganga and to 
suggest measures for 
their amelioration. 
b. Survey of Agro-chem Prof. T.M. Das 
icals (fertilizers, 
pesticides etc,)in • 
the riverine land 
and its impact on 
the level of 
pollution of the 
Ganga water. 
c. Awareness programme. Prof. T.M. "Das 
(Bally to Bandel). 
d. Effect of pollution Prof.N.C.Datta 
on biological health 
on the Ganga water 
and devising 
remedial measure. 
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N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
12. Durdwun 
University 
Burdwan 
Prof. S. K. 
ChaXrovorty 
a. Churadterization of Prof. J. Dos 
pollutants in the 
Ganga water. 
b. Mathematical and 
ijtatJsticoJ a/jflJyiJiiJ 
of the problems of 
pollution, rosion, 
ecology of aquatic 
population. 
c. Effects of polluted Prof. A. K. 
Banerjeo Ganga water on micro 
and macroflora in 
the river and its 
adjoining areas and 
biological control 
of pollution. 
d. Harnessing of 
riverine resources 
with reference to 
commercially viable 
fish species.(Behr-
ampur to Katwa). 
e. Effects of poUuta- Prof. J.N.Modda 
nts of the Ganga on 
Prof. D. K. 
Choudhuri 
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S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
the embryonic and 
poBt embryonic 
development of some 
aquatic & terrestial 
animals at the 
eellular/aub-
celluiar levels. 
f. Interactions betveen 
zooparasitic nemato-
des and vertebrate 
hosts inhabiting the 
polluted bodies of 
water of the river 
Ganga. 
g. Studies on the impa-
ct of irrigation and 
flooding by the 
polluted Ganga water 
on the soil fauna of 
cultivated and 
uncul,tivated soils 
(field8)in relation 
to fertilizers and 
productivity of soil. 
Dr.G.Majumdar 
Prof. D. K. 
Choudhuri 
14 
TABLE -I CONTD. 
S. NAME OF THE 
N. INSTITUTION 
TITLE OF THE 
PROJECT 
PRINCIPAL 
INVESTIGATOR 
h. Utilization of human 
resource; problems & 
suggestionsCwith four 
subprojects) Behrampur 
to KatwQ. 
Dr. M. R. 
Choudhury 
13. Bidhan Q. Awareness programme 
Chandra workshop. 
Krishi Vis 
wa Vidyul-
aya Kalyani 
b.(i)Natural properties. 
transformation of 
the river sediment, 
and its nutritive 
value. 
Dr.S.Mukho-
padhyay 
(ii)Effect of run off 
pesticides on the 
water quality. 
c. (i)Microbiology of 
polluted water of 
Hug 1i. 
(ii)Hole of the Ganga 
in Epidemiology. 
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S. NAME OF THE TITLE OF THE PRINCIPAL 
N. INSTITUTION PROJECT INVESTIGATOR 
(lij) Biological monitor-
ing ot the water 
quality of Hugli. 
(iv)Uti1ization ol 
fungi for biopurif • 
ication. 
d. Propagation of Dr.P.G.Maity 
horticultural plants 
for the conservation 
of the" banks of Hugli 
river. 
e. Effect of pollution Dr, A.K. 
due to saline tidal Nukhopadhyay 
water on the ecosy-
stem of the deltaic 
region and its 
solution. (Kutwo to 
Bande1). 
14. Jaduvpur a. Environmental Awore Prof. Dilip 
University ness Progranine Bose 
Calcutta Workshop. 
b. Instrumentation for Prcjf. P. Som 
pollution monitoring of 
the Hugli Estuary. 
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RIVER YAMUNA 
Limnological studies on the riyer Yamuna at 
Delhi has been made by Rai(1974). who pointed out that 
the hardness of the river water was of considerable 
significonce an connection with the discharge of the 
sewage effluents containing pollution. 
It was Singh and Misra (1989) who conducted 
studies on the variation of the water quality of river 
Yamuna at Mathuro. Agro, Etawah and Alluhobad. They 
studied the water quality of the river at ten sampling 
stations and reported that water quality of Yamuna river 
at these sites was quite unsafe as the BOD values in 
that stretch of the river in different seasons wore 
quite high ranging from 1.5 to 30.3 mg/1. They also 
pointed out that the water quality of Yamuna at 
Allahabad was quite unsafe due to the discharge of 
untreated municipal and industrial wastes. On the basis 
of their studies, they concluded that because of the 
poor water quality of the river, the river water needs 
proper treatment before any human usage. Similar 
observations have been reported by Madhwal et.al. 
(1983). Kumar (1984). Ajmal jat.ai- (1985), Kudesla 
(1985). Sangu and Sharma (1985). Jhlngran and Joshi 
(1987). Neeraj and Pankaj (1989), Srlvastava , and 
Kulshrestha (1990). Singh (1991), Israili and Alvnad 
(1993), Singh et.ai. (1993) and Saxena and Ch^uhan 
(1993) at Various stations. 
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RIVER GOMATI 
UtudieK on raver pollution, and soIt 
purification oi the Gomati river near Lucknow were 
conducted by Bhaskaran fit .jsj.. (1965) , who pointed out 
that despite sell purification capacity of the river 
through dilution of the order of 1 : 11 even during the 
summer months, the pollutional effect still persisted 
with dissolved oxygen showing below 5 mg/1 at some point 
of Gomati river. 
Arora (1973) observed that 33 waste outfalls, 
bringing about 21.26 MGD from pulp and paper factories, 
distillery and sowogo. badly deteriorated the water 
quality of river Gomati at Lucknow. He also pointed out 
that even after travelling a distance of 65 kms. down 
stream of Lucknow, he could not observe recovery from 
pollution in the river Gomati. 
In an attempt to recognise diatoms as 
indicators of river pollution. Prasad and Singh (1982) 
studied the species diversity of benthic diatoms of 
river Gomati. They concluded that the benthic diatom 
species and Diversity Indices can not be used as a 
means to detect and evaluate pollution in a tropical 
river system like Gomati. 
Kumar ond Kant (19^7) studied the trace 
elements of river Gomati. They concluded that the Gomati 
water was polluted at Lucknow with Cu. Zn, and Cr. 
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Singh and Misra (1989) who studied the water 
quality of Gomati riwer at LucJcnow and Jaunpur have 
found it to be quite unaate at these places. They 
observed that the water quality of river Gomati at 
Lucknow has beon found to bo fast deteriorating due to 
discharge of large amount of both municipal and 
industrial wastes and most affected stretch was observed 
to be near M/s Mohan Mekin nullah (BOD 3!) to 8S)0 mg/1). 
They also observed the river Gomati is grossly polluted 
at Jaunpur upstream because of discharge of municipal 
nullah. Tliey concluded that the pollution of river 
Gomati at upstream point had assumed importance due to 
the fact that drinking water requirement of Jaunpur town 
was being met by intake of raw water from Gomati after 
that outfall nullah. 
Assessment of water quality and aspects of 
pollution in a stretch of river Gomati draining the 
Kuroaun region of the lessor Himalaya has been made by 
Bhatt and Pathak (1992), who observed the baseflow 
quality analysis delineate seasonal variations^ in 
several physico-chemical characteritics. They also 
observed that the natural water of the river was pure, 
BOD-freo and possessed a low ionic strength with 
dominance pattern ; Ca**> Na'> Mq**> K* : HC03> Cf> SO4, 
and was equivocally pure in biogenically -important 
nutrients, while the anthropogenic emission mixing with 
river Gomati contained a high pollution load in the form 
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of sulphates. chlorides, dissolved solids, organic 
matter, BOD and COD. 
Misra et.aj.. (1994) studied physico-chemical 
characteristics of river Gomati and its tributaries. 
Hiey observed that the Gomati river was most polluted at 
Lucknow where the values of dissolved ox/gen and 
biochemical oxygen demand ranged between 0.!} •" 12.0 and 
1.0 - 16.0 mg/1 respectively. However, a significant 
increase in the pH of Gomati water (G.O - 9.0) at 
Sultanpur and Jaunpur was recorded by them, 
RIVER SAI 
River Sai - sub-tributary of river Ganga and 
a tributary of river Gomati, originates as a nullah from 
Plardoi district and passes through the industrially 
developing districts of Unnao, Rae Bareli, Pratapgarh 
and Jaunpur, thus covering a distance of about 450 luns. 
It talies the shape of a river only when it enters the 
district of Unnao. It has its confluence with the river 
Gomati at Kajapur Tirmuhani in Jaunpur district. 
River Sai is an important and old river as is 
apparent from its mention in reference of the "Ayodhya 
Kond" of Ramchuritmanas by Saint Tulsi Das. 
"5t ^  "# ^  f^ T^^I ^ ^ gc ^  f^araJfi I 
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The following couplet also signifies the 
confluence of t)io rjver Dai with the river Gomati 
because it is only at the conlluence site that the two 
rivers flow side by side. 
"^ ^s?k ^(^S^ ^if^i ^^ f ^ ara^iy an^i i 
^^W f^tcl W^, 3rq)t>-qRJF5 - ^ . 3 2 1 , ^ - 3 ) 
During the course of time, due to easy 
accessibility of water settlements developed on the 
banks of the river all along its course from Madhoganj 
to Rajapur Tirmuhani. Later, industries were also sot up 
near or on the banks ol the river because river water 
was easily available for industrial purposes. Tlie urban 
sewage and effluents from industries find the river -aa 
the main receiver. The agricultural chemicals like 
pesticides and fertilizers as run off water also enter 
the river. Cremation on the riwer banks has been a 
usual practice amongst Hindus because of the belief that 
the dead will attain Moksha. In addition carcasses are 
dumped in the river. Thus, the riy/er is used as a source 
of water for drinking, irrigation and in mdustr-y, 
besides being used for dumping effluents, wastes, dead 
human bodies and carcasses. Tliose practices naturally 
put pressure on the river ecosystem and the result is 
that ecosystem functioning gets disturbed. 
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studies on river Sai were initiated by Sinha 
et.aj.. (1985). who carried out preliminary investigations 
on estam physico-chemical and biological parameters of 
t))e rivor. 
Kumar and Kant (1987) have studied the trace 
elements of Sai river and concluded that the river water 
was polluted' with respect to Mo and Zn. 
Singh and Misra (1989) investigated pollution 
ol the major rivers ( i.e. Ganga. Yamuna and Gomatl ) 
and their tributaries ( i.e. Kali. Sua and Gone ). On 
the basis of their studies on river Sai, they concluded 
that the water quality of river Sai was most polluted in 
summer season -and comparatively less polluted in winters 
and postmonsoon season. 
Srivastava (1991) conducted studios on the 
physico-chemical and biological characteristics of river 
Sai from Gausganj (Hardoi) to Rajapur Tirmuhani 
(Jaunpur) during the period November, 1990 to December, 
1991. He observed tliat the Sai water quolity was quite 
good before it enterd the urban settlements. However the 
river gets highly polluted after it leaves the urban 
•settlements due to the entry of urban sewage and wastes 
from industries, into the rivor. It was also observed 
that the Sai water at Rae Bareli was highly polluted 
because of the discharge of sewage waste water and 
indusrtial effluents (Singh et.al. 1994). However, no 
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attempt was made to study the faunal composition of the 
river. Hence the present studies, which were confined to 
Kae Bareli only because of its importance. 
A short descriptions of the district follows : 
River Sai enters the district of Rae Bareli at 
Kurri Sudauli and moves out at ChaX Daulatabad. covering 
a distance of approximately 111.50 kms. 'The district 
lies between latitudes 25^49' and 26°36* North and 
longitudes 80^ 41" and 01°34' East and is of irregular 
shape. Having fairly compact habitation, the district 
has its headquarter centrally located at Rae Bareli. 
The land in the district is fairly flat and gentle 
undulating. The land slopes from the north west to 
south-east, which is the direction in which the river 
moves. The elevation varies from about eleven metres 
above sea level in the north-oust to obout eight metres 
at the extreme south-east corner. 
River Sai flows through the centre of the 
district, dividing it into almost equal halves. Rae 
Bareli city is clossified as ^B' class city having 
eighteen large and medium industies. The prominent among 
them are Rao Bareli textile mills, U.P. State Spinning 
Mill, Indian Telephone Industries Limited, U.P. Tyre and 
Tube Ltd.. Nandganj Sihori Sugar Co.. R.G. Soft Drinks 
(P) Ltd., M/s Shri Niwasji Oil Refiners (P) Ltd., 
Universal Insulators and Ceramics Ltd., Jaiwanti 
Solvents and Chemical Ltd., Raval Paper Mills Ltd., Sri 
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Dhawani Paper Mills. Mittal fertilizers, Krishna Paper 
Mills. Ganga Asbestos Ltd. and Rae Bare 11 F'aper Hills. 
Various other industrial units have either come up and 
started their operations or are being set up.Those units 
discharge various types of heavy metals and organic 
compounds in their ellluents which are thrown into this 
river, lliese factors coupled with the fact that faunal 
composition of the river at Rao Bareli with respect to 
pollution let the author to conduct investigations on 
the river Sai at Rae Bareli. A short description of the 
selected sites is given below. : 
DESCRIPTION OF THE SITES 
After an extensive survey of the river Sai 
between Lohanipur (Rae Bareli) and Behta Khurd (Rae 
Bareli) covering a distance of approximately 10 Xms. ond 
extending between 26? 36'N to 25°49'N latitude and 00** 
41'E to 01° 34'E longitude (Fig--1), the following sites 
where selected and their importance is being described. 
1. LOHANIPUR 
Situated on the left ban)i of the river, 
Lohanipur site is used for bathing, washing and 
irrigation purposes. The river at this site also 
receives agricultural run oft (Fig. 2 ). 
2. RAJGHAT 
This site is located at approximately 3 kms. 
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away from site I. The city sewage is discharged at the 
upstream ol this site anrd the downstream is mainly used 
by the people ot Kae Bareli for many purposes such as 
bathing, washing, cleaning etc.. The right bank of the 
river at this place is used for cremation purposes 
site. The river at this site also receives agricultural 
run off from neighbouring fields (Fig 3 & 4). 
3. MUNSHIGANJ 
Situated approximately 6,5 kms, away from the 
site II. this place has an old broken bridge where 
cremation and dumping of dead bodios/carcases are comnon 
feature. A mortuary is also situated at this site. This 
place is also famous because of the freedom movement. 
The newly constructed bridge also links Rae Dareli with 
Allahabad. Aughar Bhagwan Ram Das Ashram inhabiting the 
lepers for their medical treatment is also situated at 
this site on the bank of river Sai Kartik Mela is held 
here every year. Thousands of devotees visit the Ashram 
on this occasion and take a dip° in the river Sai (Fig. 
b & 6). 
4, DARIYAPUR 
Situoted approximately 3 kms, away from the 
site III, this sampling point has its importance because 
the effluents from Sugar foctory on the right bank of 
river Sai are discharged. This site is also used for 
bathing, washing and irrigation purposes by villagers. 
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The sewage of the Munshiganj town falls on the right 
side of the river at this place (Fig. 7). 
5. JAGDISHPUR 
Located approximately 3.5 kms. away from the 
site IV, the river Jagdishpur receives mixed effluents 
from the Paper Mills and Indian Telephone Industries 
Ltjl. and its ancillaries and many other small 
factories (Fig. 8). 
6. BEHTA KHURD 
Behta Khurd is situated approximately 2 kms. 
away from the site V. This site is apparently a quite 
place where normal bathing and washing of clothes and 
catties take place, lliis place also gains Importance 
because of an aquaduct through which the Sharda SahayaX 
Channel passes over the river Sai (Fig. 9). 
EXPLANATION OF FIGURES 
Fig. 1. Map of. the river Sai showing selected 
eampiiing aite and discharge of various 
types of effluents / wastes into the river 
between Lohanipur & BehtaXhurd at Raeboreli. 
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EXPLANATION OF FIGURES 
Fig. 2. River Sai at Lohanlpur. Various human 
activities of the bank are clearly seen. 
Fig. 3. A view of river Sai at Rajghat upstream, 
showing untreated sewage drain opening into 
the river. 

EXPLANATION OF FIGURES 
fig. 4. River Sai at Rajghat downstream, showing 
people washing the cloths and bathing. 
Fig. b. Cremation site ot river Sai at Munshiganj 
old bridge near post-mortem house. 

EXPLANATION OF FIGURES 
Fig. 6. ' A view ot river Sai at Munshiganj new 
bridge. 
Fig. 7. Drain carrying Sugar factory effluents 
opening into river Sai at Dariyapur. 
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EXPLANATION OF FIGURES 
Fig. 8. Discharge ot mixed ettluents from F*aper 
mill and Indian Telephone Industries at 
Jagdishpur. 
Fig. 9. }i2ver Saa at DehtaXhurd 
• A J . 
s 
PHYSICO - CHEHICAL CHARACTSRISTICS OF 
RIVER SAI BETWEEN LOHANIPUR 
AND BEHTA KHURO 
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PHYSICg-fflPftgftft CHARACTERISTICS ££ RIVER Shi KDffiEH 
LOHANIPUR AND BEHTA KHURD 
INTRODUCTION 
It 10 dn established tact that the increased 
industrialisation and urbanisation on the banks of river 
result the pollution oi river water due to the discharge 
of untreated industrial effluents and municipal wastes. 
Most of the cities in India, liXe Kanpur. Bariglore and 
A>unedabad have no sewage treatment plant and the others 
which have a treatment plant, the treatment is not 
c(Hnplete (Nahajan, 1988). Water borne diseases due to 
pollution were reported in the Gango river water from 
ShuXlaganj (Unnao) and KalaXanXar (Pratapgarh) (Sinha, 
1988 and Srivastava. 1991). 
River Sai a tributary of river Gomati 
originates from Uchaulla in Hardoi District (Fig.l) and 
after traversing through the industrially developing 
districts of Unnao, Hae tJareli, Pratapgarh and Jaunpur 
merges with river Gomati at Rajapur-tirmuhani (Jaunpur) 
on the border of Varanasi district; covers a distance of 
about 450 Xms, The Sai river water has since long been 
used for various purposes like navigation, drinking, 
bathing and irrigation. Tlie advent of urbanisation and 
rapid industrialisation coupled with the age old 
practice of throwing of burnt, half burnt bodies and 
carcasses have resulted in the pollution of the river. 
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Preliminary studios on the water quality of 
river Sui have shovm that the addition of indiscriminate 
wastes in river water posed a threat to aquatic 
organisms as well as to human beings. 
As for as the author is aware no serious 
attempt has so far been made to evaluate the water 
quality of river Sai between Lohanipur and Behta Khurd 
both in Rae Bareli district except one preliminary 
report of Sinha 6^,^1.(1985) on few physico-chemical 
parameters of Sai river at Rajghat (Rae Bareli). 
This study deals with the observations of 
physiCO chemical parameters and their seasonal 
variations on the river Sai between Lohanipur and 
Behta Khurd during the period from May, 1990 to April, 
1992. 
MATERIALS AND METHODS 
Water samples were collected every month from 
the sax selected sites of river Sai viz. Lohanipur. 
Rajghat. Munshiganj, Dariyapur, Jagdishpur and 
BehtaJthurd and two industrial sites i.e. Sugar factory 
effluents, paper mills and Indian Telephone Industries 
mixed effluents during the period between Nay. 1990 and 
April, 1992. Tlie water samples were also collected from 
the Rajghat drain flowing with municipal wastes. The 
samples wore kept in the plastic containers of 5 litre 
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capacity which woj-e rinsed three times with the some 
samples. 
Observations of temperature, colour and odour 
of water, industrial effluents and municipal wastes were 
recorded on the sites itself while the remaining 
parameters i.e. five physical parameters (conductivity, 
total solids, total dissolved solids, total suspended 
solids and turbidity) and thirteen chemical parameters 
(pH. oxidation redox potential. phenolphthalein 
alXalinity. total alkalinity, acidity, free carbon 
dioxide, hardness. calcium, magnesium, chloride, 
dissolved oxygen, biochemical oxygen demand and chemical 
oxygen demand were analysed in the lub. 
For the studies pertaining to the physico-
chemical parameters, methods described in standard texts 
(APHA, AWWA, WPCF, 1980; ISI. 1965 and Trivedy and 
Goei, 1984) were followed. 
A short description of the methods used for 
the analysis of the different parameters studied have 
been described below. 
•raHPSRATVRE 
Temperature in degree centigrade (^  C) was 
measured with the help of mercury thermometer at the 
site. 
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esLom 
Colour was noted usually by keeping the water 
in a clean transparertt bottle. 
QPWR 
Odour was obseirved by direct smellang. 
CONDUCTIVITY 
Conductivity was measured with the help ot 
conductivity meter after the instrument was caliberated 
with 0.01 M KCL of known conductivity (1413 M mhos/cm). 
PROCEDURE : 
The dried empty 100 ml beaker was weighed, 
then 100 ml sample was taken in the beaker. The sample 
was evaporated to dryness on water bath, subsequently it 
was dried in hot air oven at 103^ C-105^ C temperature. 
Finally it was cooled in desiccator and weighed. 
CALCULATION 
Total solids were calculated with the help of 
the following formula .-
A - D X 1000 
Total Solids (mg/1) -
V 
Where. 
A- Final weight of the dish in mg. 
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B= Initial weight of the dish in mg. 
V- Volume of sample taken lu ml. 
TOTAL DISSOLVED SOLIDS 
PROCEDURE ; 
100 ml sample, filtered through Whatman filter 
paper No. 42. was taken in preweighed 100 ml beaker and 
was evaporated to dr/ness in oven at 103 ^C - 105 °C 
temperature. Wlien completely dried, cooled in a 
desiccator and weighed again. 
CALCULATION . 
Total dissolved solids were calculated using 
following formula : 
A - D X 1000 
Total dissolved Solids (mg/1) --
V 
Where, 
A = Final weight of the dish in mg. 
B = Initial weight of the dish m mg. 
V =: Volume of sample taken in ml. 
TOTAL SUSPENDED SOLIDS 
After determining the totol solids and total 
dissolved solids, the total dissolved solid waa 
substracted from the total solids. 
CALCULATION : 
3b 
It was calculuted with the help of the 
following formula : 
Total SuHpended solids (mg/1) - total solids - Total 
dissolved solids in mg/1. 
TURBIDITY 
The turbidity values were recorded with the 
help of Nephlometer. 
REAGENTS USED . 
(i) StocX Turbidity Suspension : 
(a) Solution A; Dissolved 1.0 gm of h/drazine 
sulphate, (NH2)2 (l2^ 4^ ' ^^ distilled water and 
diluted to 100 ml in a volumetric flash. 
(b) Solution D: Dissolved 10 gm haxameth/lene 
totramine. (CH2)Q Nli^  , in distilled water and 
diluted to 100 ml in a volumetric flasX. 
In a 100 mi volumetric flask 5 mi solution A 
and 5 ml solution B were mixed and allowed to stand for 
24 hours at room temperature (20.2 ^C during winter and 
35.3 ^C during sunmer) and diluted to mark and shaken 
well. The turbidity of this solution was 400 NTU. 
(ii) Standard Turbidity Solution : 
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10 mi stock solution ol turbidity was diluted 
to 100 ml witti distilled water, turbidity ot this 
solution was 40 NTU. 
PROCEDURE . 
The sample was shaken well and allowed to 
stand till air bubbles disappeared, then the sample was 
poured into a turbidimeter tube and it was immersed in 
an ultrasonic bath lor 1 to 2 sec. Turbidity was read 
directly on the scale of instrument. 
CALCULATION : 
Tlie turbidity was calculated with help ot the 
following formula ; 
Turbidity (NTU) - Nephlometer reading x 0.4 x dilution 
iactor. 
fiii mi OX^PATIQN i^gWCTiQ?^ P<?Tg«TIMr • 
pH and oxidation reduction potential were 
measured with the help of digital pH meter (Model Elico) 
after being standardized using buffer solutions of pll 4, 
7 and 9.2 respectively. 
ALKALINITY -
REAGENTS USED . 
(I) Hydrochloric Acid. 0.1 N : 
0.1 N HCL was prepared by dissolving 8.34 ml 
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of 12 N concentrated HCL in 1000 ml distilled water. 100 
ml of this solution was further diluted to roaXe it 1000 
ml. 
TJiis solution was standardized with 0.1 N 
sodium carbonate solution {i).3 gm previously dried Na2 
C03 was dissolved in distilled water for 4 hrs. at 25^ C 
to prepare 1 litre). 
(ii)Methvl Orange tp^^ga^pr Q.p?% : 
50 mg methyl orange powder was dissolved in 
the distilled water and was diluted to 100 ml. 
(iii)PhenolDhthalein Indicator : 
500 mg phenolphthalein disodium salt was 
dissolved in 50 ml of 95% ethanol. 50 ml of distilled 
water was added to make it 100 ml. 
PROCEDURE ; 
100 ml sample was taXen in a conical flasX to 
which 3-4 drops of phenolphthalein was added. The pinX 
colour appeared, lliis solution was titrated with 0.1 N 
HCL to a colourless end point and the volume of the 
reagent used was noted for calculation of 
phenolphthalein alXalinity. llierealter, in the same 
sample 3-4 drops of methyl orange indicator was added. 
The yellow orange solution was titrated with the HCL of 
having same normality till the colour changed from 
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yellow orange to pink orange. The total volume of 
reagent used was noted tor the calculation ot total 
alkalinity. n»e blank sample was also run by using equal 
volume ot the distilled water in place ot the sample. 
CALCULATION : 
Tlie values ot phenolphthalein and total 
alkalinity were calculated as per the lollowing formula. 
A X N 01-' IICL xlOOOxtiO 
Phenolphthalein alkalinity (mg/D- -
ml of sample 
B X N of HCL X 1000 x 50 
Total alkolinity (mg/1) = 
ml of sample 
Where, 
A - ml of HCL used with phenolphthalein 
B - ml of total ilCL used with phenolphthalein 
and methyl orange. 
AglPITY 
REAGENTS USED : 
(DSfidiiffi Wydrpx^de, 0.05 M-
40 gm of NaOH was dissolved in 1000 ml of 
distilled water. TTie 50 ml of this solution was diluted 
to 1000 ml. At last, it was standarized with oxalic 
acid. 
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(il)Methvl Orange Indicator j. 
A» prepared in ulXuliHity 
(ill)Phenolphthalein Indicator : 
As prepared in alkalinity. 
PROCEDURE; 
100 ml sample was taXen in a conical tlasX to 
which 2-3 drops of methyl orange indicator was added. If 
the solution turned yellow the methyl orange acidity was 
found absent. In case, the contents turned pinX, it was 
titrated with 0.05 N NaOH. End point showed colour 
change from pinX to yellow. Now a few drops of the 
phenolphthalean indicator was added to the same sample 
and titrated further with NaOH until the contents turned 
pinX. 
CALCULATION : 
'Hie values of methyl orange acidity, 
phenolphthalein acidity and total acidity were 
calculated as per the following formula. 
A X N of NaOH x 1000 x SO 
Methyl orange acidity (mg/D-
ml of sample 
B X N of NaOH x 1000 x 50 
Phenolphthalein acidity (mg/l )•-- -
ml of sample 
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(A t B) X N ot NaOH x 1000 x SO 
Total acidity (mg/1) - - • — • 
ml of suniple 
Where, 
A - Volume of NaOH used with methyl orange. 
B - Volume of NaOH used with phenolphthalein. 
OS shBsm mmisK 
REAGENTS USED : 
(I)Sodium Hydroxide 0.05 N : 
AB prepared in Acidity. 
(ii)PhenolDhthalein Alkalinity : 
As prepared in alkalinity. 
PROCEDURE : 
100 ml sample was taken in a conical flask to 
which a few drops of phenolphthalein indicator was 
added. Tlie pink colour appeared showing the absence of 
free CO2 . If the some sample remained colourless it was 
titrated against 0.05 N NaOH. At the end point the pink 
colour- appeared. 
CALCULATION; 
Free carbon dioxide wos coleulated with the 
help of the following formula ; 
ml of titrant x N of NaOH x 1000 x 44 
Free CO2 (mg/1) -
ml of sample 
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HARDNESS -
REAGENTS USED : 
(i) Buffer Solutions : 
la) 16.9 gin of oinnoniuni chloride was dissolved in 
143 ml of concentrated NH^OH. 
(b) 1.179 gm disodium salt of EDTA and 780 mg of 
MgSO^ or 644 nig of MgCl2 wore dissolved in 50 
ml distilled water in a beaker. 
(c) (a) and (b) solutions were mixed and stirred. 
It was diluted to 250 ml with the distilled 
water and was stored in the plastic bottle. 
(ii) EDTA titrant 0.01 M 
3.723 gms of disodium salt of EDTA was 
dissolved in the distilled water and it was diluted to 
1000 ml with distilled water and standardized against 
standard calcium solution. 
(iii) Eriochrdme Black T (Indicator) : 
0.40 gm of Eriochromo Black T indicator was 
mixed with 100 gm of solid NaCl. The mixture was then 
grinded together in a morter to obtain a homogeneous 
mixture. 0.2 - 0.4 gm of the grinded mixture was used 
during each titration. 
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PROCEDURE ; 
50 ml sample was takori iii a conical flauk to 
which 1 2 ml buifer solution and 0.2 - 0.4 gm. 
Eriochromo blacX T (indicator) were added. It was 
stirred thoroughly. Then it was titrated with EDTA till 
the colour changed from wine red to blue. In place of 
sample, the distilled water was taXen to run the bianJc. 
CALCULATION ; 
Hardness was calculated with the help of 
following formula .-
A - B X 1000 
Hardness as CaCO^ (mg/1) = - - •• 
mg of sample 
Where, 
A - ml of 0.01 M EDTA used for sample. 
B =^  ml of 0.01 M EDTA used for blanX. 
CALCIUM 
REAGENT USED : 
(i) EDTA titrant 0.01 M : 
It Was prepared in the same way as in 
hardness. 
(ii) 40.00 gm of NaOH was dissolved m the distilled 
water and diluted to 1000 ml. 
(iii) Murexide Indicator : 
0.2 gm of ammonium purpurate was mixed with 
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100 gm of NaCi. Both were grindod in a morter to obtain 
homogeneous mixture. 0.1 0.2 gm of the grinded mixture 
was used during each titration. 
PROCEDURE ; 
50 ml sample was taken In a conical flasX. 2 
ml NaOU and Q.l 0.2 gm Eriochrome black T was added to 
the above sample. A pink colour appeared. It was 
titrated against EDTA solution until the pink colour 
was changed to purple. Last tew drops were added at the 
interval of 3-S seconds. In place of sample distilled 
water was taken to run the blank. 
CALCULATION : 
ITie amount of calcium was calculated with the 
help of the following formula : 
X X 400.8 
Calcium (mg/1) = 
ml of sample 
Where, 
X » Volume of EDTA used. 
MAGNESIUM 
REAGENTS USED : 
(i) EDTA titrant 0.01 M : 
As prepared in hardness, 
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(IDBuffer Solution : 
It-waB prepared as in the case ot hardness. 
(iii)Eriochrome Black T ( Indicator): 
As prepared in hardness. 
PROCEDURE : 
ITie volume of EDTA used in hardness 
determination is same as the volume ol sample taXen for 
the calcium determination. 
CALCULATION : 
The amount of magnesium was calculated with 
the help of the following formula .-
Y - X X 4 0 0 . 8 
Mg"*""^  ( rog/1) = 
ml of sample x 1.645 
Where, 
Y - EDTA used in hardness. 
X = EDTA used in calcium. 
CHLORIDE 
REAGENTS USED : 
(i)Silver Nitrate 0.02 N : 
3.400 gm of dried Ag NO3 was dissolved in the 
distilled water. Tlien it was diluted upto 1000ml. It was 
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stored in a brown glass bottle. 
(11) Potassium Chromate 5 % 
5.0 gms of K2Cr04 was dissolved in 100 ml of 
distilled water. 
PROCEDURE ; 
50 ml sample was taken in a conical flask and 
2 mi of K2CrO^ was added in it. Then it was titrated 
with 0.02 N AgN03 until a persistant red tinge appeared. 
CALCULATION ; 
Chloride was calculated with the help of the 
following formula : 
(ml X N) of AgNOj x 1000 x 35.5 
Chloride (mg/1) = -
ml of sample 
Where, 
N =^  Normality of AgN03 
PlgggfcVEP PXYggy 
REAGENTS USED : 
(i) Sodium Thlosulphate, 0.025 N : 
6.205 qm of Na2S203.5H20 was dissolved in 
the distilled water and 1.5 ml 6 N NuGH was added as a 
preservative. Tlien it was diluted upto 1000 ml. 
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(ii) Alkaline Potassium Iodide Solution : 
100.00 gm ot KOII and !30.00 gm ot Kl were 
dissolved in 200 ml ol boiled distilled watei'. 
(ill) Nanganous Sulphate Solution : 
100.00 gm ot MnS04.4H20 was dissolved in 200 
ml of boiled distilled water and therealter the solution 
was filtered-. 
(iv) Starch Solution : 
1.0 gm of starch was dissolved in 100 ml of 
warm distilled water. A few drops of lormaldehyde 
solution was added to it as a preservative. 
(v) Sulphuric Acid : 
Concentrated sulphuric acid has been used. 
PROCEDURE : 
Tlie BOD bottle of known volume (300 ml) was 
filled with the sample avoiding the bubbles. 2 ml of 
MnSO^and alkaline KI were then added to it and was 
closed with the stopper after which it was shaken well. 
This was kept to settle down the precipitate. 2 mi of 
Cone. H2SO4 was added to it to dissolve the precipitate. 
100 ml of this solution was titrated against sodium 
thiosulphate in triplicate. 
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CALCULATION : 
Ttw values ot dissolved oxygen was calculated 
t/ith the help of following formula .-
ml ot titrant x N ot titrant xBxlOO 
Dissolved oxygen(mg/l)- — — 
Where, 
Vj^  - Volume ot sample water atter placing the 
stopper. 
V2 - Volume of the part of content titrated. 
V = Volume ot MnSO^ and KI added. 
BIOCHEMICAL OXYGEN DEMAND (BOD) 
REAGENTS USED : 
(i) Phosphate Buffer : 
ii.b gm KH2PO4. 21.75 gm K2HPO4, 33.4 gm Na2H 
PO4.7H2O and 1.7 gm NH4CI all were dissolved in the 
distilled water to maXe 1 litre. The pH ot this solution 
was adjusted at 7.2 
(ai) Magnesium Sulphate : 
82.b gm of NnS04.7H20 was dissolved in 
distilled water to make 1 litre. 
(ill) Calcium Chloride : 
27.b gm ot anhyarous CaCl2 dissolved an the 
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distilled water to prepare a solution of 1 litre, 
(iv) Ferric Chloride : 
0.25 gm FeCl3.6H20 was dissolved in distilled 
water to prepare a solution of 1 litre. 
' PROCEDURE : 
Dilution water was prepared by bubbling 
compressed air in distilled water tor approximately 30 
minutes. 1 ml of each of phosphate buffer, magnesium 
sulphate, calcium chloride and ferric chloride were 
added in 1 litre of dilution water and mixed thoroughly. 
' The sample was neutralized to pU around 7.0 by using 1 N 
NaOH or 112^0^. ITien the sample was diluted according to 
expected DOD (based on COD values) or some times os such 
with dilution water. Two sets of samples in DOD bottles 
were filled and one was kept at 20 ^C in DOD incubator 
for 5 days and DO was determined in another set 
immediately. "ITie DO content was further determined alter 
5 days in the second bottle. 
CALCULATION : 
The values of BOD was calculated with the help 
of following formula .-
BOD (mg/1) ^ DQ - Dy x dilution factor 
Where. 
DQ - Initial DO in sample. 
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Dc ^ DO attor 5 days incubated at 20 C. 
CHEMICAL OXYGEN U^^M {CODI 
REAGENTS USED; 
Professor W. A. Nizami 
Collection 
<i) standard Potassium DicUromate^ 0^25 N ^ 
12.255 gm K2Cr207 was dried at 103°C tor 24 
hrs. It was dissolv^ d^ an the distaiied water and diluted 
to make a solution ot 1 litre. 
(11) Standardization : 
10 ml of 0.25 N K2Cr20y waa diluted to 100 
ml. then 30 ml of Cone. H2OO4 was added to it. This 
solution was kept to cool. The above solution was 
titrated with FA!J using 2 or 3 drops ot terrom 
indicator. 
(lii) Ferroin Indicator : 
1.485 gm ot 1. 10 phenanthrolein monohydrate 
and 69.5 og Fe304.7H20 was dissolved in distilled water 
and diluted to make 100 ml. 
(iv)Standard Ferrous Amnonium Sulphate ^^ ^^ '^_°_;^ J^5 * 
39.0 gm of Fe(NH2)2<S04)2.6H20 was dissolved 
m the distilled water. 20 ml ot Cone. II2SO4 was added 
to it and kept tor cooling. The solution was made upto 
1000 ml with distilled water. This solution was 
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standardized daily against the standard N/4 K2Cr20y . 
(v) Ferrous Amnonlum Sulphate, 0.01 N : 
0.1 N ferrous amnonium sulphate was diluted to 
10 times. 
(vi) Sulphuric Acid : 
Concentrated sulphuric acid had heon used. 
,(vii} Mercuric Sulphate : 
Solid HgSO^ was used. 
(viii) Silver Sulphate : 
Solid Ag2S0^ was used. 
PRCX:EDURE : 
20 ml of sample was taken in a COD flask and 
10 ml of 0.025 N potassium dichromate was added in it. A 
pinch of Ag2S04 and HgSO^ (in a ratio of 10:1, to the 
chloride values) and 30 ml of Cone. H2^04 were also 
added. This solution was refluxed for 2 hours on a 
reflux assembly and then it was cooled and made upto 140 
ml. 2-3 drops of ferroin indicator was added and 
titrated against 0.01 N ferrous ammonium sulphate (a), 
colour changed aharpLy from green blue to wine red. A 
blank with distilled water was also run (b). 
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CALCULATION : 
Tlie amount ot COD was calculated with the Iwjlp 
of the tollowing lormula ; 
(b-a) X N ot Fe(NH4)2(S04)2 x 8 x 1000 
COD (mg/1) -^  - - - -
ml ot scimple 
Where, 
u - ml of titrant lor sample, 
b - ml of titrant for blank. 
OBSERVATIONS 
(A) PHYSICO-CHEMICAL CHARACTERISTICS Ql RXVER SKL S2&ZEB 
The values of different parameters ot river 
Sai water at the selected sites viz. Lohanipur, F^ajghat, 
Munshiganj, Dari/apur, Jagdishpur and Behtakhurd in Rae 
Dareli district during May. 1990 to April. 1992 have 
been shown in Table I-IX and Fig.l to 11. 
Tlie sitewise observations of the parameters 
studied have been described below under separate 
headings. 
(I) LOHANIPUR ( Table - I and Fig.l to 8) 
1. PhvBical Parqin^^er? : 
It would be evident from the Table-I that the 
temperature of the river water varied from 16.8 ^C to 
32.7 ^C. the maximum temperature was recorded in May, 
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1990 while th0 minimum in the month ol January, 1991. 
Wut^r was generally colourless except from 
July to October and odourless. 
nie conductivity values ranged from 0.17 
mmho/cm to 0.9C aimho/cm. The maximum range was recorded 
in the month of June, 1990 and the minimum in the month 
of August, 1991. 
The values oi total solids i'TS). total 
dissolved solids(TDS) and total suspended solids(TSS) 
were recorded between 050 and 592 rog/1, 020 and 32B mg/l 
and 030 and 300 mg/l. The maximum concentrations of TS, 
TDS and TSS were recorded in the months of September, 
1990 and 1991 while the minimum values of TS, TOS and 
TSS were recorded in the month of December, 1990. 
Turbidity of Sai water varied from 1.6 NTU to 
12.G NTU, the maximum being recorded in the month of 
September, 1990, and minimum during the month of 
December, 1990. 
b 
2. Chemical Parameters : 
pH of the water was found to vary from 7.08 to 
8.84. The maximum value was recorded in the month of 
December. 1991 and the minimum in the month of July. 
1990. 
Oxidation redox potential values of Sai water 
ranged from -095 mv to -022, the maximum recorded in 
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the month of July. 1991 while the minimum during the 
month ot April. 1992. 
Phenolphthalein alkalinity ot the water was 
tound to range from 5 mg/1 to 20 mg/1. Some times it was 
found absent. 
Total alkalinity of the water varied from 55 
mg/1 to 240 mg/i. the maximum value was recorded in the 
month of June. 1991 while the minimum value was recorded 
in the month of August, 1990 (Fig. 1 & 2). 
Acidity was absent in all the months. 
Free 00^ 2 *"**' mostly absent except in the 
month of July (6.6 mg/1) and October. 1990 (2.2 mg/1). 
Tlie hardness values of water ranged from 64 
mg/i to 196 vag/i. The maximum concentration ynxs observed 
in the month of June. 1991 and the minimum was recorded 
in the month of August. 1990. 
Calcium concentration was found to be maximum 
(52.91 mg/1) in the month of December, 1990 whereas the 
minimum concentration (16.03 mg/1) was recorded in the 
month of August, 1990. 
Magnesium values were found ranging from 9.23 
mg/1 to 92.43 mg/i. The maximum value was recorded in 
the month of May. 1990 while minimum value was recorded 
in the month of September, 1991. 
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Chloride contents ranged irom 15.62 mg/l to 
64.21 mg/l, the maxlmuin being recorded in the month of 
May, 1991 while minimum was recorded in the month of 
July, 1990. 
Dissolved oxygen (DO) values varied between 
6°.3 mg/l and 13.58 mg/l. Tlie maximum being recorded in 
the month of January. 1992 while minimum value vratt 
recorded in the month of September, 1990 (Fig. 3 & 4). 
Biochemical oxygen domund (BOD) values at 
Lohanipur were lound to range Irom 0.63 mg/l to 7.98 
mg/l. The maximum value was recorded in the month of 
June, 1991 and the minimum was recorded in the month of 
the September, 1990 (Fig. 5&6). 
Chemical oxygen demand (COD) values of the 
river Dai water ranged from 20 mg/l to 190 mg/l.. the 
maximum being recorded in May, 1990 whereas the minimum 
being recorded in July, 1991 (Fig. 7 & 8). 
II- RAJGHAT ( Table II, Fig. 1 to 8 ) 
1. Physical Parameters : 
Tlie data presented in the Table II would 
, clearly indicate that temperature values ol 3ai water at 
0 O 
this site ranged from 18.1 C to 33.0 C. the maximum 
recorded at left banX in the month of June and August, 
1990 while minimum recorded at left bank only in the 
month of December, 1991. 
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Colour of the water was generally blackish at 
left bank during all the months and colourless ut right 
bank in all the months except in July to Octobei'. 
llie water had low pungent odour at the left 
bank during all the months except from July to October 
whereas water was odourless at the right bank during all 
the months. 
Conductivity values were observed to range 
from 0.26 mmho/cm. to 1.7 mmho/cm. The maximum 
concentration was recorded from left bank in June. 1991 
whereas the minimum concentration was recorded from 
right bank in August. 1990. 
TS. TDS, TS3 values were observed between 218 
and 1250 mg/1. 104 and 735 mg/1. and 100 and 530 mg/1 
respectively. The ouiximum values of TS and TSS were 
recorded at the left bank in July. 1990 while that of 
TDS was recorded at the same bank in the month of 
September, 1990. The minimum values of TS and TDS were 
recorded in January, 1991 from right bank while that of 
TSS in February. 1991. 
The turbidity values of Sai water at this site 
varied from 6.35 NTU to 40.0 NTU. The maximum value was 
recorded from the left bank in August, 1990 whereas 
' minimum was recorded in February. 1992 from the right 
bank. 
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2. Chemical Parameters : 
pH values were found to be alXaline (7.27 to 
9.96). The maximum pH was recorded at the leit bank in 
December. 1991 and the minimum was recorded at the right 
bank in August, 1990. 
Oxidation redox potential (OHP) values ot Sui 
water ranged Irom -030 mv to -110 mv. Tlie maximum value 
was recorded trom the right bank m August, 1991 while 
the minimum value was recorded irom the same bank in 
June, 1990. 
Phenolphthalein alkalinity values were 
observed to range from 05 mg/1 to 25 mg/1. Some times it 
was observed to be absent. From Fig. 1 & 2. it is clear 
that the total alkalinity values were maximum (jyo mg/1) 
in June, 1991 at left bank and minimum (100 mg/1) in 
August, 1991 at right bank. 
Acidity was totally absent in all the naonths 
at bath the sites. 
'Hie tree COj was generally absent, when ever 
present, it ranged from 4.4 mg/1 to 44.0 mg/1. 
As revealed from the Table III, hardness 
values ranged from 84 mg/1 to 335 mg/1. Hie maximum 
concentration was recorded in the month of June, 1991 at 
left bank and the minimum was recorded in the month of 
July, 1990 at right bank. 
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Calcium concentration was ranging from 16.03 
mg/1 to 69.74 my/1. Tlie maximum value was recorded at 
the left bank in December, 1990 while the minimum value 
was recorded at right bank in July, 1990. 
Magnesium values were recorded between 14.24 
mg/1 and 169.70 mg/1. The maximum value was found ot 
left bank in Ma/, 1991 whereas the minimum value was 
recorded in February, 1991 at the same bank. 
Chloride concentrations were found varying 
from 14.98 mg/1 to 98.22 mg/1. the maximum concentration 
was recorded at left bank in June, 1990 whereas the 
minimum concentration was recorded at right bank in 
July, 1991. 
Dissolved oxygen (DO) concentration of Sai 
'Water at this selected site has been shown in Fig. 3 & 
4, which would show that DO values ranged between 3.16 
mg/1 and 10.94 mg/1. The maximum and minimum 
concentrations were observed at right bank in January, 
1991 and left bank in June, 1990 respectively. 
Biochemical oxygen demand (DOD) values were 
recorded between 3.08 mg/1 and 9S.79 mg/1. The BOD value 
was maximum at left bank in Juno. 1990 and minimum at 
right bank in August, 1991 (Fig. 5 & 6). 
Fig. 7 & 8 clearly showed that the chemical 
oxygen demand (COD) values of Sai water varied from 50 
59 
mg/l to 490 ana/l. TTie aiaximum concontrdtion was recorded 
at lett hanX In June, 1990 while the minimum 
concentration was recorded at right bank in August and 
October, 1991. 
(Ill) MUNSHIGANJ ( Table - III. Fig. 1 to 8) 
1. Physical Parameters : 
Temperature values ( Table-III) of the Sai 
watex' at this site ranged between 17.0 C (in December, 
1990 from the left bank) and 32.50 °C (in August. 1990 
from the right bank). 
Colour of the water was generally colourless 
at both the sites in most of the months except July, 
August, September and October. 
Odour of the water was odourless at both the 
sites in all the months. 
Conductivity values were found to be maximum 
(0.99 mmho/cm) in the month of may, 1991 at the left and 
minimum (0.30 nnlio/cm) in the month of August, 1990 at 
the same bank. 
The values of TS, TUS, TSS of river ranged 
from 280 mg/1 to 980 mg/1, 100 mg/i to 663 mg/1. 90 mg/1 
to 468 mg/1 respectively. Tlie maximum concentration of 
TS and TSS were recorded at left bank in August, 1990 
while the maximum value of TDS was recorded in July, 
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1990 Irom right banX. Tli© minimum values ol both TS and 
TDS were recorded in May, 1990 trom the right bank 
whereas the minimum value of T13S was recorded in April, 
1991 trom right banX. 
T\\e turbidity values ot river water were 
observed to range irom 2.0 NIV to 25.b iflV, the maximum 
being recorded at left bank during August. 1990 while 
minimum being recorded at the same bank during Nay, 
1991. 
2. Chemical Parameters : 
The river water was alkaline in nature and the 
pH values ranged from 7.02 to 9.98. llie maximum value 
wos observed in t?ie month of January, ^992 and minimum 
in July, 1990 on the some bank. 
Hie ORP value ot the water was found maximum 
(-032 mv) xi\ August 1990 at right bank and minimum 
(-113 mv) in January, 1991 on the right bank (Table III) 
Phenoiphthalein alkalinity was observed 
ranging from 5 mg/1 to 25 mg/1. Tlie maximum was recorded 
from right bank m May, 1990 while minimum was recorded 
from right bank m July. 1990. 
Fig. 1 & 2 showed that total alkalinity of the 
water varied from 75 mg/1 to 305 mg/1. Hie maximum value 
was recorded from right bank in June, 1991 and minimum 
was recorded trom left bank m August, 1990. 
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Acidity was tound totally abaent in all the 
months from both sites. 
Free CO2 was mostly found absent except in the 
month of August. 1990 from right banX (7.7 mg/1) and in 
October, 1991 from left bank (15.4 mg/1). 
The hardness values varied from 90.0 mg/1 to 
226 mg/1. Both maximum and minimum values were recorded 
from the left bank in the months of June arid August. 
1991 respectively. 
The maximum concentration (60.12 mg/1) of 
calcium in water was observed in the sample of right 
b^nk in December. 1991 whereas the minimum concentration 
(14.43 mg/1) was recorded in the month of August, 1991 
at the left bank. 
Magnesium concentration of river water ranged 
from 23.73 mg/1 to 94.28 mg/1. The maximum value was 
recorded at the right bank in May. 1991 while the 
minimum was in February, 1992 from the left bank. 
The range of chloride concentration of river-
water was recorded between 113.02 mg/1 and 73.04 mg/1. 
the maximum concentration was recorded in April, 1992 
from the right bank while minimum concentration being 
recorded in August, 1990 from the some bank. 
Dissolved oxygen concentration (P'ig. 3 & 4) 
ranged from li.SO mg/1 to 12.38 mg/1. 'Hie maximum 
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concentration was recorded at right banX in June, 1990 
while minimum concentration was recorded in July, 1990 
from the some bank. 
Biochemical oxygen demand values at this site 
varied from 2.02 mg/i to 21.95 mg/1, the maximum value 
was observed from left bank in April, 1992 and the 
minimum value was recorded from right bank in July, 1990 
(Fig.b & 6). 
Chemical oxygon demand of river water (Fig.7 & 
' 8) ranged from 40 mg/1 to 1Q5 mg/1. the maximum was 
recorded at the left bank in March, 1992 and minimum in 
the month of August. 1990 at the right bank. 
IV. DARIYAPUR ( Table IV, Fig.l to 8) 
1. Physical Parameters : 
The data presented in the Table IV would 
clearly indicate that temperature values at this site 
ranged between 16.0 C and 34.8^C. the maximum was 
recorded in the month of May, 1990 and the minimum in 
the month of Januar-y, 1991. 
Tlie colour of the river Sai water was observed 
from blackish brown in December to March and brownish in 
April to June whereas blackish silty yellow or silt/ 
yellow was found fr<XD July to October. 
The odour of the river water was found mostly 
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pungent in ail the months except Irom July of October. 
Conductivity values were observed to range 
between 0.30 mmlio/cm and 1.(30 mmho/cm. the maximum was 
recorded m the month ol March. 1991 while minimum in 
the month of July. 1990. 
The values of TS, TDS. TSS ranged from 51ti to 
996 mg/1. 300 to 602 mg/1, 16B to 394 mg/1 respectively. 
TTie maximum values of all these three parameters were 
recorded in the month of August, 1990. llie minimum 
values of TS and TSS were recorded in the month of Nay, 
1990 while that of TDS was recorded in the month of 
June. 1991. 
Turbidity values were recorded ranging from 
10.6 NTU to 90.9 NTU. The maximum and minimum values 
were recorded in the month of March, 1991 and May, 1990 
respectively. 
2. Chemical Parameters : 
pH was observed to be maximum (9.88) in 
January. 19'92 and minimum (7.24) in September, 1990. 
ORP values ranged from 034 mv to 123mv. The 
maximum value was observed in the month of August, 1990 
and minimum in the month of March, 1992. 
It would be evident from the Table IV, that 
the phenolphthalein alXalinity at this site ranged 
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between 5 mg/l and 25 mg/i. The total alkalinity values 
were found to vary from 100 mg/l to 435 mq/1. 'Hie 
maximum value was recorded in the montli of March, 1992 
while minimum in the month of August, 1990 (Fig. 1 & 2). 
Acidity was absent at all the months. 
Free COj was generally absent except in the 
month of March. 1991 (11.0 mg/l). 
Tlie maximum ( 365.0 mg/l) and minimum (104.0 
mg/l) concentrations of the hardness were recorded in 
the month of January, 1991 and August. 1991 
respectively. 
Calcium concentration of the Sai water at this 
site was observed to be maximum (86.57 mg/l) in January, 
1992 and minimum (20.06 mg/l) in August. 1990. 
Magnesium values were found to range from 
30.33 mg/l to 135.28 mg/l, the maximum value was 
recorded in the month of January, 1991 and minimum in 
the month of August, 1991. 
Chloride concentration was found to be maxlmuffi 
(112.60 mg/l) in-February, 1991 and minimum (25.62 mg/l) 
in September, 1990. 
An examination of Fig. 3 & 4 would indicate 
that dissolved oxygen concentration varied from 2.03 
mg/l to 8.36 mg/l. The maximum concentration was 
recorded in the month of November, 1990 while minimum 
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in the month of March, 1991. 
BOD values at this site ranged trom 10.(33 my/1 
to 64.13 mg/1, maximum value was recorded in March, 1991 
while minimum in August. 1991 (Fig. 5 & 6). 
COD concentration was found maximum (775 mg/i) 
in March. 1991 and minimum (65 mg/1) in July, 1991. 
(V) JAGDISHPUR (Table '- V. Fig.l to 8) : 
1. Physical Parameters .-
The temperature values recorded varying trom 
10.5 C to 34.5 C the maximum temperature was x'ecorded 
in June. 1990 while minimum in January, 1992. 
The colour of Sai water was found brownish in 
all the months except July to October. 
The odour of the river water was found to be 
mostly, pungent except in the months from July to 
October. 
Conductivity values were observed between 0.30 
mmho/cm and 1.4 mmlio/cm, the maximum and minimum values 
were recorded in the month of May and November. 1990. 
17ie i-ange of the different solids were 
recorded from 560 to 1380 mg/1. 283 to 999 rog/1. 245 to 
508 mg/1 for TS, IDS and TS3 respectively. Naximum 
concentrations of TS. TDS were recorded in August.' 1990 
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and Lhat ol TSS in September, 1991. llie minimum values 
ot TD and TLJLJ were recorded m January, 1991 while TDS 
m January, 1992 lespectively. 
The turbidity values at thio site ranged from 
15.80 iriV to 40.72 NTU, the maximum level was recorded 
in the month ot August, 1990 and minimum m the month of 
January, 1992. 
2. Chemical Parameters : 
At this site also the Sai water was found 
alkaline and the pH ranged between 8.00 and 9.35, 
maximum being recorded in the month of February, 1992 
and minimum in the month of August, 1990. 
Tlje values of ORP ot the Cai water at this 
site varied from 037 mv to - 100 mv. The maximum and 
minimum values were recorded in the months ot October, 
1990 and June, 1991 respectively. 
Phenolphthalein alkalinity ot the water was 
found to range from 10 mg/i to 20 mg/1. Sometimes it was 
found nil. 
Fig. 1 & 2 showed that total alkalinity ot the 
water varied from 130 mg/1 to 535 mg/1. The maximum 
value was recorded in the month ol June. 1990 and 
minimum was recorded in the month of August, 1990. 
Acidity was found absent in all the months. 
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Free CO2 values wore moiitly observed to be 
absent; whotiever- present it ranged between 15.3 mg/1 and 
44 mg/l. "Hie muxamum value was estimated an the month ot 
May, 1990 while the minimum value was estimated irj the 
month of September. 1990. 
The maximum hardness value (510 mg/1) was 
recorded in the month ot May. 1990 and minimum (120 
mg/1) in the month of August, 1991. 
Calcium concentration was found between 20.04 
mg/1 and 109.02 mg/1. The maximum concentration was 
recorded in the month of April, 1992 whereas the minimum 
concentration was recorded in the month of August, 1991. 
Maghesium values were recorded between 30.60 
mg/1 and 203.06 mg/1. The maximum value was observed in 
the month of June. 1991 while minimum in month of 
September, 1990. 
Chloride concentraion was also found to vary 
from 17.04 mg/1 to 187.23 mg/1. The maximum being 
recorded m the month of June, 1991 while minimum in the 
month of July, 1990. 
DO concentration of Sai water ranged between 
3.05 mg/1 and 9.53 mg/1. Tlie maximum concentration was 
recorded in the month of November, 1990 while the 
minimum concentration in the month of April, 1992 (Fig. 
3 & 4). 
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The BOD concentration of river water varied 
from 18.38 mg/l to 94.54 mg/l. Tlie maximum concentration 
being recorded in the month ol June, 1991 wJiereas the 
minimum concentration was recorded in the month ot 
August, 1990 (Fig. 5 & 6). 
COD values varied from 130 mg/l to 660 mg/l. 
The highest value was observed in the month of June, 
1990 while lowest value was recorded in August, 1990 
(Fig. 7 & 8). 
(VI) BEHTA KHURD (Table VI. Fig. 1 & 8) : 
1. Physical Parameters : 
A ciritical analysis ot the Table VI would 
reveal that the temperature values of this site ranged 
0 0 
from 17.2 C to 33.2 C, the maximum being recorded in 
June. 1991 from the left bank while the minimum was 
recorded in February, 1991 from the same bank. 
"ni** colour of the river water was found 
colourless, brownish and silty yellow in the month ot 
November to April. May to June and July to October 
respectively. 
The odour ot the rivor water was found 
generally odourless in all the months except in May and 
June. 
The conductivity values ranged from 0.3 
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vnaixo/cm ko 1.1 mnho/cm. The maximum conctintration was 
recorded from both the banks in June, 1991 whereaa the 
minimum concentxation was recorded in July, 1990 from 
right banX only. 
'1*S, 'IDL' and TSI3 wore observed to range from 
395 to 1197 mg/1, 208 to 900 mg/1 and 114 to 483 mg/1 
respectively, 'ilio maximum concentration of TS and 'IDS 
were recorded from the left bank in August, 1990 while 
that of TSS was recorded in July. 1991 at left bank. The 
minimum values of TS and TDS were observed in January 
from left bank while that of IVJ m January. 1991 at 
right bank. 
Turbidity of Sai water varied between 4.0 NIV 
and 34.05 NTU. Ttie maximum being recorded at right bank 
in August, 1990 whereas minimum was recorded in 
February, 1991 at right bank. 
2. Chemical Parameters : 
The pH of the water was found to var-y from 
7.15 to 8.95. The maximum value was noted at left bank 
in January, 1992 and the minimum was noted at the right 
bank in August, 1990. 
ORP values of Sai wat^r ranged from -101 mv to 
-013 mv, the maximum value was found at the right bank 
in August. 1990 while the minimum at the left bank in 
March, 1 
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Phenolphthalein alkalinity ot the water was 
found to range trom 10 my/1 to 2ii mg/l. Some times it 
was found nil. 
Total alkalinity ot the water was observed 
maximum. 350 mg/l, at the right bank in April. 1992 
while the minimum, 110 mg/l, value was found at left 
bank in October. 1990. (Fig. 1 & 2). 
Acidity was absent in all the months at the 
both sites. 
Freo CO^ as mostly absent except m the month 
ol April, 1991 (0.6 mg/l) from the both banks and in 
March, 1992 (24.2 mg/l) from the loft bank as well as 
(17.6 mg/l) from the right bank. 
TTie hardness values of water ranged from 104 
mg/l to 220 mg/l. ITie maximum concentration was recorded 
in the month of April. 1992 at the left bank whereas the 
minimum was recorded in the month of August. 1990 at 
both banks. 
Calcium concentration was found to be maximum 
(61.72 mg/l) at left bank in December. 1990 whereas 
minimum (14.43 mg/l) at right bank in March. 1991. 
Magnecium value was found ranging from 7.91 
mg/l to 110.67 mg/l. Tlie maximum value was recorded in 
March, 1991 from right bank while minimum was recorded 
in the month of February. 1991 from the some bank. 
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Chloride content was lound ranging from 14.20 
mg/1 to 60.04 mi/l. the muximuin being rouordod at -the 
right bank in April. 1992 while the minimum being 
recorded at the some bank in August. 1990. 
As shown in Fig. 3 & 4 DO values varied 
between 3.24 mg/1 and 12.16 mg/1. Tlie maximum being 
recorded in the month of December, 1990 at the left bank 
and minimum was recorded in the month of June and 
August from the left and right banks respectively. 
BOD values were found to range from 4.26 mg/1 
to .75.65 mg/1. llie maximum value was recorded at left 
bank in May. 1990 while the minimum value was recorded 
in December, 1990 from the same bank (Fig. 5 & 6). 
COD values (Fig. 7 & 8) of the Sai water 
ranged from 65 mg/1 to 520 mg/1, the maximum being 
recorded at left bank in Nay. 1990 while minimum being 
recorded in September. 1991 from the same bank. 
(B) PHYSICO-CHEMICAL CHARACTERISTICS OF SEWAGE WJySTE 
DRAIN ANg INDUSTRIAL EFFLUENTS ENTERING JQ RIVER 3AI 
.1. RAJGHAT SEWAGE DRAIN ( Table VII, Figi.9.): 
1. Physical Parameters : 
In Table-VII, our observations on the physico-
chemical characteristics of the waste water of Kajghat 
nullah which carries the sewage of the city of Rue 
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Bareli has been presented. 
Tomperature values ot waste water at this site 
ranged from 18.i) °C to 34.0 °C, the maximum being recorded 
in June. 1991 while minimum being recorded in January, 
1992. 
Colour of the waste water was found to be 
blackish brown in all the months except from July to 
October. 
Odour of the waste water was highly pungent in 
all the months except in July to October. 
TTie conductivity values ranged from 0.78 
mmho/cm to 2.2 mmho/cm, the maximum concentration was 
recorded in the month of June, 1990 whereas tlie minimum 
concentration was recorded in the month of August, 1991. 
TS, IDS and TSS values were observed to range 
from 753 to 1350 mg/1, 309 to 987 mg/1. 158 to 520 mg/1. 
The maximum values of TS and TSS were recorded in the 
month of July, 1990 while that of TDS was recorded in 
the month of April, 1991. Tlie minimum values of TS and 
TDS were recorded in November, 1991 while that of TSS in 
February, 1991. 
Turbidity of drain water at this site was 
found to be maximum (106.8 tflV) in September, 1990 and 
minimum (20.0 NTU) in February, 1992. 
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2. Chemical Parameters : 
pll ot the water varxed trom 7.00 to 9.90. The 
minimum and maximum values were recorded in the month ol 
July and December. 1990 respectively. 
The values of ORP ot drain water ranged from 
-099 mv to 005 mv. the maximum being recorded in 
September-, 1990 whereas the minimum being recorded in 
April. 1992. 
Phenolphthalein alkalinity was generally found 
absent except in the month of September, 1990 (55 mg/1) 
and August, 1991 (35 mg/1). 
Total alkalinity of the sewage drain water 
ranged trom 415 mg/1 to 1478 mq/1 . the maximum l)eing 
,recorded in the month of June, 1991 while the minimum 
being recorded in the month ot July. 1990 (Fig. 9). 
Acidity was recorded absent in all the months. 
Free CO^ ^ ranged from 12.0 mg/1 to 44.0 rog/1. 
the maximum concentration was recorded in August, 1990 
and the minimum being recorded in October. 1991. 
Hie concentration of hardness ranged from 182 
mg/1 to 790 mg/1, the maximum and the minimum 
concentrations were observed in the months of May and 
September. 1990 respectively. 
Calcium values were found to range from 20.86 
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mg/l to 119.44 mg/l, the maximum value was recorded m 
February. 1992 and the minimum value was recorded m the 
month ol September, 1990. 
Magnesium concentration ot the sewaqe water 
was observed to vary Irom 50.11 mg/l to 4J4.21 mg/l, the 
maximum value was recorded m the month ot May, 1990 
while the ininimum value was found m the month of 
August. 1991. 
Chloride concentration also found varying from 
31.24 mg/l to 263.4 mg/l, the value observed in the 
month ot May. 1990 was maximum while the value observed 
m the month oi July, 1990 was minimum. 
DO was generally recorded absent in all the 
months. 
The biochemical oxygen demand values were 
observed ranging from 32.44 mg/l to 410.80 mg/l, the 
maximum and minimum values were recorded in May, 1990 
and July, 1990 respectively (Fig. 9). 
ITie chemical oxygen demand values ranged 
from 260 mg/l to 1148 mg/l. Tlie maximum and minimum 
values were recorded in the months ot June. 1991 and 
July, 1990 respectively (Fig. 9). 
(II) DARIYAPUR SUGAR FACTORY EFFLUENT DRAIN (Table 
VIII.Fig.10) 
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In Table-VIII, our observations on the 
physico cJiemicul characteristics ot the Sugar Factory 
dram ol Dariyapur nullah discharged in the monLhs of 
December, January, l-'ebruar-y and March m river Sai have 
been presented. 
1. Physical Parameters ; 
The temperature values at this site varied 
from 18.2 C^ to 30.9 °C, the maximum value was recorded in 
the month of March, 1992 while the minimum value was 
found m the month of Januory. 1991. 
The effluent drain water was reddish-brown in 
colour- in the month of December. 1990, 1992 and dark 
blackish brown in the months from January. 1991 to 
March, 1992. 
TTje odour ot the effluent was highly pungent 
in all the months. 
The conductivity values of the effluent were 
observed to be maximum (1.8 mmho/cm) in the month of 
March. 1991 and minimum (1.0 nniho/cm) in the month of 
December, 1991. 
During the course of study, the range of the 
solids values varied from 1288 to 1912 mg/1. 879 to 1592 
mg/1 and 186 to 6b9 mg/1 for TS. TDS and TSS 
respectively. The maximum concentrations ot TCJ and TSS 
were recorded m the month of March. 1992 while that of 
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TDS wds recorded in the month ol March, 1991. The 
minimum vuluos ot TU and 'TDiJ wero rocordod in December. 
1991 while TGS in the month of January, 1991. 
Turbidity values at this site ranged between 
120.10 MTU and 182.8 NTU. 'Hie maximum and minimum values 
were recorded m the month ot March, 1991 and December. 
1991 respectively. 
2. Chemical Parameters : 
pH ot the ettluent was alKaline and the pH 
ranged between 0.02 and 9.71), the maximum being recorded 
in February. 1992 and minimum in January. 1991. 
Tlie values ot ORI' ot the Sugar Factory 
ettluent drain at this site varied trom 076 mv to -027 
mv. The maximum and minimum values were recorded in the 
months ot March, 1991 and January. 1991 respectively. 
Phenolphthalem alkalinity ol the eli luent was 
found to vary trom 5 mg/1 to 40 mg/1 while the total 
alkalinity ranged between 64t) mg/1 and 965 mg/1. 'llie 
maximum and minimum values were recorded in March. 1991 
and February, 1991 (Fig. 10). 
The acidity was observed absent at this site . 
Free CO^ was mostly tound absent except m the 
month ol February, 1991 ( li5.4mg/l) and March. 1992 
(24.2 mq/1). 
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The maximum hardness value (614 mg/1) was 
recorded in the month ot March. 1992 and minimum (420 
mcj/l) in tlie month ot February. 1991. 
Tlw calcium concentration was found between 
122.63 mg/1 and 210.35 mg/1. The maximum and minimum 
concentrations were recorded in the months of March, 
1991 and February. 1991 respectively. 
The magnesium values were recorded between 
41.66 mg/1 and 102.05 mg/1. The maximum value was found 
in March, 1992 and minimum in March, 1991. 
Chloride concentrations were also found 
varying from 137.74 mg/1 to 195.96 mg/1, the maximum 
» 
concentration was recorded in March, 1992 while the 
minimum was recorded in January, 1991. 
Dissolved oxygen concentration ranged between 
nil and 3.02 mg/1. Hie maximum concentration was 
recorded in December, 1990 while the minimum 
concentration was recorded in January. 1992 and March, 
1991 and 1992. 
The biochemical oxygen demand values were 
found to VAt-y from 112.4 mg/1 to 215.67 mg/1. ITie 
maximum value was recorded in the month of March, 1991 
whereas the minimum value was recorded in December, 
1990 (Fig. 10). 
x«*^\aa» Aza<l /TT**^ 
CO^^/^Vi^jWjr^-olv^^^Jfekeffluent r a n g e d from 965 
, ( Aco. N ) ' 
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mg/l to 137:3 mg/l. Hie maximum value was recorded in the 
month o£ January, 1992 while ilie minimum wau recorded in 
the month of Fehruary. 1992 (Fig.10). 
III. PAPER MILL EFFLUENT DRAIN (Table IX, Fig.£i) . 
1. Physical Parameters : 
A critical analysis ot the Table IX would 
reveal thai temperature values of this site ranged from 
17.6 °C to 35.2 °C. the maximum being recorded in June, 
1990 while the minimum being recorded in January, 1992. 
'I7ie colour ot the effluent was found brown in 
the months of July to October. 1990. 1991 and reddish-
brown in November, 1990, 1991 and Decamber 1990 and DarX 
brown in the months from January to June, 1990, 1991 and 
1992. 
11)0 odour of the effluent drain water was 
observed pungent in the months from July to December, 
1990, 1991 and highly pungent in the months from January 
to June, 1990, 1991 and 1992. 
Tiw conductivity values ranged from O.G 
mmho/cm to 4.7 mmlio/cm. The maximum concentration was 
recorded in the month of May. 1990 and the minimum in 
the month of August, 1990. 
Tlie T3. TDS. TSS values were observed between 
490 and 2440 mg/l, 218 and 1400 mg/l, 193 and 1360 mg/l. 
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The maximum concentration of TS and TDS were recorded in 
the month of October, 1990 while that of TSS was 
recorded in the month of July. 1990. Tlje minimum values 
of TS and 'IDS were recorded in the month of P'ebruary, 
1991 while "that of TSS was recorded in the month of 
April. 1992. 
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'Hie turbidity of Sai water varied from 48.32 
tflV to 204.53 Nllf. the maximum being recorded in the 
month of April, 1991 whereas minimum was recorded in the 
month of January, 1991. 
2. Chemical Parameters : 
pH of the water was found to vur-y from 0.04 to 
9.97. 17ie maximum was recorded in the month of January> 
1992 and the minimum was recorded iii the month of 
August. 1990. 
ORP values of effluent drain water ranged from 
-087 mv to 005 mv. the maximum values was recorded in 
the month of June, 1991 while the minimum value was 
recorded in December, 1991. 
Phenolphthalein alkalinity of the effluent was 
generally found absent. Some times, it was found to 
range from 10 mg/1 to 20 mg/1. 
Total alkalinity of the effluent was found 
varying between 340 mg/1 and 1250 mg/1, the maximum 
value was recorded in the month of April. 1991 while the 
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minimum value in the month oi October, 1990 (Fig. 11). 
The acidity value was tound absent at this 
site. 
Free CO^ ^ of the paper mill effluent was found 
to vary from 4.4 rog/1 to 147.6 mg/1. Some times it was 
observed nil. 
Hardness values ranged from 306 mq/1 to lii34 
mg/1. 17ie maximum concentration was recorded m the 
month of June, 1990 and the minimum was recorded in the 
' month of October. 1990 (Table IX). 
The calcium concentration was found ranging 
Xrom 50.50 mg/1 to 500.2 mg/1. I'he maximum value was 
recorded in the month of June, 1990 while the minimum 
value was recorded in the month of October*, 1991. 
The magnesium values were recorded between 
13.19 mg/i and 400.6S mg/1. The maximum value was found 
in the month of November, 1991 where as the minimum 
value was found in the month of August, 1990. 
ITie chloride concentrations were found varying 
from 30.92 mg/1 to 268.6 mg/1. The maximum concentration 
was recorded in the month of Nay, 1990 while the minimum 
concentration was recorded in the month of Oct obex*. 
1990. 
DO concentration was generally found absent 
except in the months from November, 1990 to February, 
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1991. January. 1992 and April. 1992. 
DOD values were recorded between t32.36 mg/l 
and 460.32 mg/l. The maximum value was recorded in the 
month ot May. 1990 whereas the minimum value was 
recorded in the month ot Octoher. 1990 (Tig. 11). 
Fig. 11 would clearly indicate that the COD 
values ot ettiuent varied trom 442 mg/l to 2060 'mg/l. 
The maximum concentration was recorded in the month ot 
June.1990 while the minimum concentration was recorded 
in the month ot September, 1990. 
SEASONAL VARIATIONS : 
A critical analysis ot the Table I-IX and 
Fig.l to 11 clearly revealed that various parameters 
showed seasonal variations. 
During analysis it has been observed that the 
concentrations ot various parameters decreased during 
lainy season ( July to October) while increased during 
winter (November to February) and summer season (March 
to June). Turbidity and solids values showed just 
reversible pattern i.e. their values increased during 
rainy seaaon while decreased during winter and summer 
seasons. 
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DISCUSSION 
The present investigations which have been 
carried out lor the lirst time at the sites mentioned in 
the text revealed that the temperature in river Sai 
water fluctuated by 290 °C ±1.0 S.E. to 31.8 ^ ±2.0 
S.E. in monsoon season. ie.7°C ± 1.1 S.E. to 21.2 °C ± 
l.b a.E. in winter and 29.0 °C ± 1.2 U.E.to 31.7 C^ 11.3 
S.E. in Bumner season at all the sites. It is Known that 
the temperature of water is directly related with the 
atmospheric temperature. and indirectly uttects the 
viscosity of water- affecting the toxicity which mturn 
intensifies deoxygenation and increases the 
biomagnification. Similar observations have been 
reported by Shah (1986). Sinha et..ai. (1989) and 
^rivastava (1991). 
Hie colour of the water of this river ranged 
from blacXish, blackish brown to brownish due to the 
discharged of sewage wastes at Rajghat. Sugar factory 
effluent at Dariyapur and Paper mill and ITI mixed 
effulent at Jagdishpur respectively duo to which the 
smell of water is pungent. Similar observations have 
also been put forward by Pat11 and Panda (1986). who 
observed that the colour of water was turbid brown with 
bad smell due to the release of several organic and 
inorganic compounds through sewage. Srlvastava (1986) 
further reported that the dark brown colour of the river 
Sone water was due to the paper mill effluent. In a 
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latter study, Lalman and Dixit (1989) supporting these 
observations noted that the high volume oi effulent 
discharged • perday containing untreated organic wastes 
rendering the pungent rotten odour and blackish brown 
CO1 our. 
'ITie monthly mean maximum conductivity ( 1.4 
mmho/cm + 0.8 S.E.) was recorded at lelt bank ol Rajghat 
in sunmer season which is probably due to the 
discharged ol sewage waste which contains many 
electrolytes at this site. Although their was gradual 
increase in the conductivity values at all the sites 
trom winter to sumner, a decruuuing trend wus observed 
in monsoon season. The increase in conductivity values 
during sunmer and winter months and decrease in 
conductivity values during monsoon season might be due 
to the concentration effect (low flow of water in the 
river) in stretch, which is attributed to the release 
of municipal wastes and industrial wastes. Tliis causes 
in the increase ol the biological activities which in 
turn elevates the pH. (Gautcua et.al.. 1989, Mishra and 
SaXsena. 1991). During sumner and monsoon months the 
photosynthetic activity was reduced due to increase in 
temperature which resulted in. the accumulation ol CO, 
and the subsequent decreased in the pH (Ghosh and 
George, 1989). 
Alkalinity of water is its capacity to 
neutralize a strong acid and is characterised by the 
84 
presexico ol all hydroxyi ions capable ol combining with 
liydrogen ions. 'I"he alkalinity was always higher at 
Jagdishpur which might be due to aiXalme matters 
discharged'from the paper mill and ITI mixed eflluents. 
The alXalinity at all the sites were higher during 
sunnier months and was tound m a decreasing trend during 
monsoon months. 
The maximum value ol Iree COj recorded at 
left bank of Rajghat during summer months, could be due 
to decompos:ition ol organic matter by the activity ol 
microorganisms and high depletion ot dissolved oxygen. 
High tree CQj^  concentration, therefore, generally 
indicates greater pollution. LJimilar observations have 
also been noted by Sreenivasan (1964. 1974), which has 
been lurther supported by Malviya (1990), Mishra et.al. 
(1990). 
During the period ot study the hardness was 
induced by high How and low water* level ol the river. 
The increase m concentration ot hardness was recorded 
at Lohanipur and Munshiganj could be attributed to the 
reduction ot tlow rate and low water level. Present 
observations also showed that the highest values ot 
hardness were recorded at lett bank ot Rajghat, 
Oariyapur and Jagdishpur. The reason lor this might b« 
the ettect ot sewage ettluents ot Suger tactory. paper 
mill and ITI mixed ellluents. Similar observations were 
made by Singh and Bhowmick (1985) and Saxena and Chauhan 
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(1993) in the study of river Yamuna, iica (1974) also 
pointed out that the hardness of the river water was of 
considerable significance in connection wath the 
discharge Of sewage effluent containing pollution. 
The higher concentrations of all other ions 
like calcium, magnesium and chloride are generally 
associated wath the increased level of pollution. Most 
of the^e ions vary seasonally by the evaporative forces 
and dilution during monsoon season. However, calcium is 
also dependent upon biological activity. Maximum calcium 
values were observed during winter months and magnesium 
and chloride values were recorded during summer months 
, at all the sites. This increase might be due to the 
reduced flow and relatively large amount of sewage 
wastes and industrial effluents. Iliresh et .al . (1949) 
pointed out that the high chloride concentrations were 
indicators of large amount of organic matter in the 
water. Ownbey and Kee (1967) also noticed that the 
higher value of chloride in water was mainly due to 
industrial effluents and municipal wastes. IJinhu (190U) 
found a direct correlation between chloride 
concentration and pollution load. 
Dissolved oxygen plays a vital role in 
supporting aquatic life in the running water is 
susceptible to the slight environmental changes by rapid 
changes of DO concentration in the river water might be 
due to the polluted waste water. The DO concentration 
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varied from a minimum of 3.34 + 0.15 mg/1 to a ooaximum 
of 11.96 + 0.95 mg/1 during the study period. In 
general, DO value was high during the winter months 
when the temperature was recorded low and river flow was 
also steady. The present studies showed that the minimum 
concentration of dissolved oxygen were recorded at 
Rajghat, Dariyapur and Jagdishpur, which was entirely 
due to discharge of various pollutants. In river Oanga, 
near Kanpur lowest value of dissolved oxygen was 
observed during sumner (Saxena (jt.uj,. , 1966). Ray and 
Ghosh (1976) have observed decline value of DO at the 
point of discharge from the textile, paper and pulp, 
tannery and distillery and rubber effluents in the 
Hoogly river. 
Biochemical oxygen demand appears to be a 
function of changing dilution and quantity of river 
water in the system. Present, observation showed that 
the higher value of BOD was recorded at all the sites 
during summer months. It might be due to reduce quantity 
of the river water and higher activities of human 
beings, related to the various pollutants near sampling 
points while the highest value of BOD was recorded at 
Rajghat. Dariyapur and Jagdishpur during the period of 
study except monsoon months, which probably was due to 
higher micro-organism activities in the municipal wastes 
and continuous discharge of toxic effluents. Agrawal 
€Lt.M-(1976) reported similar observations. 
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Chemical oxygen demand Is the amount of oxygen 
required by the organic substances In the waste to 
oxidise them by strong chemical oxidant but it does not 
suggest whether the waste Is degradable basically, nor 
it indicates the rate at which biological oxidation 
would proceed and hence the race at which oxygen would 
be required in a biological system. However, it gives us 
a reliable parameter for judging the extent of pollution 
in water. Verma and Dalela (1975) and Ajmal et.al.(1985) 
have found maximum value of COD in Kallnadl during 
summer while Rand and PaIraa (1960) recorded extent COD 
as 503.0 mg/1 in river Bandi. Dhatt and PathaJt (1992) 
reported that the values of COD in the riyer Gomati was 
always higher than the BOD. which clearly indicates the 
presence of non-biodegradable oxygen demanding 
pollutants of inorganic nature. In Cooum river, COO 
va°lue ranged between 30.0 and 508.0 mg/1 (Jebanesan, SIL-
al-. 1907). In river Sal the maximum value (950 + 48 
mg/1} of COD was recorded at Jagdishpur during sumner 
months while minimum value (50+3 mg/1) was observed at 
Lohanlpur duing monsoon months. Dakshinl and Son! 
(1979), Kudesla and Verma (1985) and Srivastava and 
Kuishreqtha (1990) have the similar observations. 
Sltewlse variations, in the water quality were 
also observed. It might be concluded that the river at 
the sites llXe Rajghat, Darlyapur, Jagdishpur and 
Behtakhurd was found more polluted than that at 
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Lohanipur and MunshiganJ. Low degree of pollution at 
Lohanlpur was probably due to less human activities. The 
cause of pollution at MunshiganJ was primarily due to 
cremation of dead bodies and other human activities. 
CONCLUSIONS 
Following conclusions can be drawn from the 
present study : 
1. The temperature of the Sal river water increases 
with the increase in atmospheric temperature. 
2. The conductivity of river Sal was observed to be 
higher during sunmer and lower during monsoon 
months. 
3. The pH was observed to be alkaline throughout the 
period of analysis. 
4. Most of the parameters llXe temperature,total 
solids, total dissolved solids, total suspended 
solids, calcium, magnesium and chlorides were 
observed below the ISI (196b). WliO (1971) and ISI 
(19QJ) standards for drinking water and industrial 
effulents and sewage wastes while the values of 
DO, BOD, COD were higher than the tolerance limit. 
5. The seasonal variations in the parameters have also 
been studied. During monsoon season values become 
low except solids and turbidity whereas in winters 
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and sumners, the values increase. This may be 
attributed to the inflow of heavy floods during 
monsoon. 
6. High concentration of parameters at Rajghat, 
Dariyapur and Jagdishpur probably was due to 
discharge of untreated sewage, effluents of Sugar 
factory. Paper mill and Indian Telephone Industries 
mixed effluent. 
7. The results also indicate that the pollutants 
discharged at Kajghat, Dariyapur and Jagdishpur 
increase the pollution level of the river water. 
6. It might thus be concluded that during the period 
of study, water of the river Sai between Lohanipur 
and Behtakhurd was found to be moderately to most 
polluted. 
9. Such type of polluted water is definitely 
responsible for producing water borne diseases liXe 
typhoid, cholera, amoebiasis. hepatitis, taeniosis, 
fascioliosis, giardiosis. diarrhoea, bacillary, 
dysentry and guinea worm disease among human 
beings. 
10. On the basis of these findings on physico-chemical 
quality of water, it has been concluded that the 
river water between Lohanipur and Behtakhurd "is 
neither.fit for drinking nor for bathing. 
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WATER QUALITY INDEX CWQI) FOR RIVER SAI WATER 
AT BAS BARELI 
INTRODUCTION 
Water quality index (WQI) reflects the 
collective influence of various physico chemical and 
biological criteria of water (Sahu e^. ai.., 1991) and 
therefore, might be used as one of the most effective 
ways to conanunicute information on water quality trends 
to policy makers and to the general public. In an effort 
to know the state of pollution in major rivers of India. 
Tiwari and Nlshra (1985) calculated the WQI for eighteen 
major- rivers using the data of Kudesia (1980). 
Subsequently water quality indices have been reported 
for Jhelum river (Tiwari fii* ai..,1986)., river Ganga 
(Sinha et. al., 1989 and Srivastava, 1993). river 
Drahamani (Sahu et. aj.. , 1991) and some rivers of 
Maharashtra (Singh. 1992). 
Realising its importance, the water quality 
index of river- Sai at Rae Bareli , an important 
developing town of Uttar Pradesh was calculated and is 
being reported iti this paper. 
MATERIALS AND METHODS 
Studies on physico-chemical parameters of 
river Sui have been in progress in this laboratory for 
the last few years and the data of eight physico-
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chemicajt parameters obtained during the years May 1990 
to April 1992 Imve been used tor calculating water 
quality index (WQI) of river Sdi at six selected 
sampling Sites at Rue Bareli viz. Lohunipur-. Hajghat. 
Munshiganj, Dariyapur. Jagdishpur- and Dehta Khurd. Hie 
WQI was calculated by using tbe method as described by 
Tiwari et. ai- (1986). 
"Hie actual formula to calculate WQI is as follows :-
(i) Quality rating (qn) -= 100 [(Vn Vi)/(Vs -Vi)] 
where, 
Vn = Actual amount (present in the polluted 
water) of the nth parameter-. 
Vi = The ideal value of this parameter 
since 
Vi - 0 . for the suitable water except 
pH and DO. of which V.O and 14.6 mg/1 
respectively were used. 
Vs =^  its standard value 
(ii) weight for various parameters are inversely 
proportional to the recommended standard for the 
corresponding parameters. 
Wn =- K/qn 
£ jj-.^  Wn - 1 . considered in this paper. 
(Ill) to obtain the WQI.first the sub-indices (SI)n 
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corresponding to the nth paramoters was 
calculated, 
tJub Indices (OI)n -^ CqnjWn 
(iv) The overall WQI was calculated by taking an 
geometric mean ot these sub indices (GDn, 
WQI - n^n-^i (SI)n = ;^"„^i(qn)Wn 
WQI = Anti logiQ[ l ° „ ^ i Wn l o g l O ( q n ) ] 
Wliere, 
£ ^ n - l Wn-1 (Wn - u n i t we igh t ) 
OBSERVATIONS 
ICMH standard values of selected parameters 
and unit weight (Wn),\/n and quality rating (gn)of 
different parameters and calculated WQI values of the 
rjver Sai between Lohanipur and Dehta Kliurd at Rae Bar el i 
have been presented m Tables I.II and III respectively. 
For the present studies ,it has been assumed 
that water having WQI <50 will be treated as fit fox* human 
consumption ,WQI <B0 will be treated as moderately 
polluted ,WQI >00 will be regarded as excessively polluted 
an(jl WQI >100 will be considered as severely polluted. 
An examination of the data in the Table III 
would reveal that the water of Cai ri^er at Hajghat , 
Dariyapui- . Jugdishpur- and Dehta Khurd was severely 
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polluted while dt the remaining sates the water was 
observed to be moderately to excessively polluted. 
During analysis it has also been observed that the 
values of WQI generally decreased during August when the 
volume of water in the river increased due to monsoons 
and that of WQI generally increased during May when the 
volume of water in the x-iver" decreased. 
On the basis of WQI .it may. thus be concluded 
that the water of the river Sai may be termed- as 
moderately to most polluted between Lohunipur and 
Behta Khurd at Rai Bareli. 
DISCUSSION 
Water quality indices of several Indian rivers 
have been reported by several workers (George at- &!• . 
1966 ; Rajagopalan fit. al.. 1970 ; Kudesia . 1980 ; 
fiwari and Mishra . 1985 ; Tiwari et. il.. 1986 ; Sinha 
et. al. . 1989 ; Sahu et. ai. ,1991 ;Srivastava .1991; 
Singh . 1992 and Srivastava , 1993). Studies on the 
river Sai with special reference to the fish population 
have been in progress in this laboratory for the last 
few years. T\w river Sai which traverses through the 
important districts of the central and eostern 
U.P..serves the purposes of irrigation and drinXing. Tiw 
water quality index of the river at different locations 
in Rae Dareli district has been calculated for the first 
time. On the basis of the results obtained,it may be 
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concluded that the WQI varies at different locutions 
and in different seasons. TTiis may possibly be due to 
the volume of water present in the river and the 
discharqes from the factories that enter the river. 'Hius 
our observations are in agreement with those mentioned 
above. 
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TABLE-I: THE I.C.M.R. STANDARDS AND ASSIGNED 
UNIT WEIGHTS OF WATER QUALITY PARAMETERS 
WATER QUALITY 
PARAMETERS 
pH 
AlXal i n i t y 
Total Hardness 
DO 
BOD 
Chlorides 
Calcium 
Magnesium 
. _ _ ™ . 
I.C.M.R. STANDARDS 
Vs 
7.0- 8.5 
120 
300 
5 
5 
250 
75.0 
50.0 
UNIT WEIGHTS | 
Wil 1 
0.2J936 1 
0.01396 1 
0.00550 ! 
0.33510 ! 
0.33510 I 
0.00670 1 
0.02233 j 
0.03351 1 
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TULE -II: DIPFDBir PiUBTDS W Vl I D «• OF H I D SlI UTBI 
isitM 
; L 
! 0 
i B 
1 A 
i 1 
! I 
I P 
1 U 
1 B 
i B 
; 1 
I J 
! G 
i B 
; 1 
! T 
i 1 
! U ! 
1 1 1 
! S i 
! B 1 
! I 1 
! 6 ! 
1 1 ! 
! B 1 
; J ! 
! iNtks 
1 Vo 
1 My - — 
qn 
1 Vo 
I qn 
1 Vo 
qo 
Vo 
la.v 
.My 
qo 
Vo 
qo 
Vo 
qo 
Vo 
lav 
My 
qo ! 
Vo 1 
qn 1 
Vo ! 
qn 1 
i pB 
1 7.75 
; SO 
I 7.30 
1 20 
1 8.06 
t 70.66 
8.54 
102 
7.98 
65.33 
8.97 
128 
8.09 
112.66 
7.21 
14.0 
8.17 
78 
l lU l i -
aity 
225 
187.5 
55 
45.83 
160 
133.33 
370 
308.33 
160 
133.33 
295 
245.83 
230 
191.66 
75 
62.5 
115 
95.83 
ItrdMU 
192 
64 
64 
21.33 
170 
56.66 
300 
100 
105 
35 
232 
77.33 
208 
69.33 
97 
32.33 
194 
64.66 
DO 
11.37 
33.64 
8.5 
63.54 
12.99 
16.77 
3.18 
118.95 
4.46 
105.62 
5.12 
98.75 
8.96 
58.75 
6.10 
89.73 
9.09 
57.39 
BOD 
5.47 
109.4 
1.47 
29.4 
4.88 
97.6 
71.82 
1436.4 
18.01 
360.2 
49.87 
997.4 
7.65 
153 
2.05 
41 
4.93 
98.6 
CI 
61.06 
24.42 
18.86 
7.54 
25.50 
10.2 
92.89 
37.15 
17.54 
7.016 
34.04 
13.63 
71.02 
28.4 
18.54 
7.41 
38.40 
15.36 
C« 
20.84 
27.79 
16.03 
21.37 
43.29 
57.72 
27.65 
36.86 
22.16 
29.54 
54.51 
72.68 
32.44 
43.25 
22.88 
30.50 
45.69 
60.92 
19 i 
1 
92.43 1 
184.86 1 
15.96 ; 
1 
I 
31.92 1 
. I 1 
40.88 ! 
81.76 ! 
152.29 1 
304.58 ! 
32.83 1 
65.66 ; 
63.29 1 
126.58 1 
83.73 1 
167.46 1 
27.30 1 
54.6 j 
52.79 1 
105.48 1 
T U l i - II : COITD. 
l ^ U 
isitM 
i D 
! 1 
; B 
!- I 
! t 
! 1 
! P 
! U 
! i 
i i 
\ 1 
! 6 
1 D 
; I 
! S 
! P 
! U 
! I 
1 B 
! E 
1 B ; 
! T . 
! 1 ! 
! K ! 
1 H 1 
1 u ; 
! 1 ! 
i 9 1 
1 1 
i iNtkfl i pE 
1 1 
; VD 
; uy ----
! qn 
1 VQ 
! qn 
Vo 
qn 
h 
luy — 
q« 
Vn 
qn 
Vn 
qn 
Vo 
| > v 
itty 
qn I 
VB 1 
qn 1 
Vn 1 
qn j 
! 8.6B 
1 112 
1 7.70 
; 66.66 
9.26 
152 
9.04 
136 
8.00 
66.66 
9.32 
154.66 
8.15 
76.66 
7.34 
92.66 
8.39 
92.66 
lUili-
•ity 
305 
254.16 
100 
83.33 
320 
266.66 
450 
375 
130 
108.33 
310 
258.33 
320 
266.66 
115 
95.83 
205 
170.83 
B«rd>«si 
286 
95.33 
120 
40 
365 
121.66 
510 
170 
135 
45 
295 
98.33 
206 
68.66 
104 
34.66 
155 
51.66 
DO 
3.65 
114.06 
3.43 
116.35 
5.97 
89.89 
3.38 
166.88 
5.72 
92.5 
4.72 
102.91 
5.67 
93.02 
4.26 
107.7 
8.55 
63.02 
BOD 
53.63 
1072.6 
11.22 
224.4 
61.14 
1222.8 
CI 
98.20 
39.28 
28.46 
11.38 
98.65 
39.54 
75.24 162.42 
1504.8 
16.38 
367.6 
53.21 
1064.2 
43.78 
875.6 
8.45 
169 
20.58 
411.6 
64.96 
20.45 
8.16 
67.55 
35.02 
61.62 
24.64 
15.62 
6.24 
27.56 
11.02 
Ci 
39.18 
52.24 
20.06 
26.74 
64.05 
85.42 
101.00 
134.66 
22.36 
29.61 
69.28 
92.37 
34.65 
46.2 
24.85 
33.13 
49.10 
65.46 
ig j 
124.21 1 
248.42 1 
46.15 j 
92.3 ! 
135.26 1 
270.56 1 
170.10 i 
340 j 
52.22 1 
104.44 ! 
77.27 I 
154.54 1 
79.12 ! 
158.24 1 
27.69 1 
55.38 1 
21.36 1 
42.72 1 
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TABLE-III:SHOWING WQI OF RIVER SAI WATER AT RAE BARELI 
! SITES 
1 LOHANIPUR 
! RAJGIiAT 
I MUNSHIGANJ 
! DARIYAPUR 
1 JAGDIStlPUR 
1 BEI-TTA KHURD 
MAY 
5 7 . 6 6 
2 5 6 . 3 3 
8 5 . 7 6 
234 .01 
289 .21 
182 .39 
AUGUST 
3 3 . 4 3 
127 .92 
3 9 . 7 9 
1 0 4 . 7 3 
125 .71 
7 6 . 8 9 
6 
JANUARY 
4 6 . 6 8 
219 .36 
7 3 . 0 7 
2 4 6 . 7 3 
2 4 2 . 7 3 
123 .82 
SECTION - If 
ZOOLOGICAL STUDIES OF RIVER SAI 
REVIEW OF LITERATURE ON THE FAUNA 
OF THE DIFFERENT RIVERS 
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REVIEW OF LITERATURE ON THE FAUNA 
OF TOE DIFFERENT RIVERS 
During the last few decades Indian rivers have 
been the subiect at study and research by the ecologists 
includirig chemists, zoologists, botanists and 
microbiologists. An attempt has been made in this 
research study to review the literature available on the 
iaunistic population of different Indian rivers as 
affected by the pollutants discharged into them. 
ChaXravarty (1959), who studied on the 
zooplanXton ol river Ganga at Allahabad, showed that the 
rotifer populations revealed that these biomodal type of 
seasonal fluctuations attained peaks in summers and 
winters. 
Banerjea and Motwanl (1960) indicated that the 
sugar ,miH wastes {0.7Q mgd) created anaerobic 
conditions with the liberation of ll2'-j and was a cause of 
regular fish mortality in the Suvaon river at 
Balrampore. 
Rotifers, as indicators of pollution, were 
studied by Arora (1961) and reported that rotiferans 
were indicative ol polluted and grossly polluted water 
zones. 
Ray and David (1964) reported that river Daha 
generally contained heavy fish mortality due to the 
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combined action ot low dissolved oxygen and high CO2 in 
a 37 Km. stretch of river Daha at Bihar. David and Ray 
(1966) Imve also reported heavy fish mortality in river 
Daha at iiihar. 
George et.ai. (1966) reported gross fish 
mortality caused by Industrial wastes discharged into, 
the river Kali. 
Ray and David (1966) studied the effects of 
industrial wastes and sewage upon the chemical and 
biological composition and fishes of the river Cungu at 
Kanpur and reported that the organisms of zooplankton 
showed the season- wise and bank - wise density. Among 
these zooplankton Amoeba. Centropvsia. CalEjLdiiiffl' 
Paramecium. Uronema and Rotifera sp. were the indicator 
forms m the polluted zones.Septic conditions were also 
evidenced by Chironomids. Coryxg. Daphnia magna. 'The 
presence of high density of these animalB was probably 
due to the high loads of sewage and industrial wastes at 
Kanpur. 
Ghosh and Basu (1968) studied the observations 
on estuarine pollution of the Hooghly by the effluents 
from a chemical factory complex at Hishra, West Bengal, 
lliey reported that the down-stream stretch upto a 
distance of 35 Km. from the outfall ot u chemical 
factory complex- la not congenial for sustaining fish 
life. 
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Bhatt (1970) reported that the food ot Mystus 
seenghala ot ttw r ivar Jumuria was composed of rnuinly 
fish including tingerlings, fry and small forage fishes 
which wore carps. He further said that often the fish 
fry of catfishes were seen in the gut of Mvatua 
eeenghala. 
Learner et..ai. (1971) also reported that the 
aquatic insects (stoneflies. mayflies, caddis and 
beetles) were restricted to upper stations of river 
Cynon as the river was grossly polluted in the down 
stream. 
GopalaXrishnan et .ai.. (1973). while studying 
the pollution in the Hooghly estuary with special 
reference to the adverse effects observed on the 
fishery resources, reported that maximum damage was 
caused to the fisheries of Hooghly at low tide condition 
under tidal phase of the hot summer months of May and 
June when the available dilution was at its minimum 
level (1;17). 
Rai(1974) reported that the population of 
protozoans increased with the increase m the trophic 
level of the water at Allahabad. 
Bilgrami and Datta Munshi (1979) identified a 
number ot zooplanJctons as well as benthos collected from 
the river between the stretch of Barauni and Fara)cXa. 
They further pointed out a considerable seasonal 
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fluctuation in the composition ot different zooplankton 
population and also observed a fair increase during 
summers. 
Pahwa (1979) while studying the distribution 
of the benthic macrofauna in the stretch of river Ganga 
at Kanpur, reported certain polychaetes without 
identifying the species. 
Khare et.. ai. (1979) reported the 
macrocommunity of river Ganga at Kanpur and observed 
that the crustaceans were sensitive to pollution i.e. 
the degree of pollution was directly proportional to the 
population density. 
Krishnamoorthi and SarXar (1979) reported the 
macromvortebrates used as indicators of water quality. 
The fresh waters i.e. the oligosaprobic rivers and 
oligotrophic lakes are characterized by the presence of 
pollution sensitive forms namely Trichootera. Plecootera 
and Ephemeroptera . 
Badola and Singh (1981) reported that 
Alaltnanda river generally contained very low population 
of zooplanXtons but in that part of the river, where the 
current was slow, zooplankton population was 
significant. 'Hiese were dominated by Daphnia sp. and 
Cyclops sp. 
Prasad and Singh (1962) studied the species 
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diversity ot benthic diatoms in lotic environment. They 
concluded that the benthic diatom species diversity 
indices can not be used as u means to detect and 
evaluate pollution in i iver Comuti. 'Iliey also concluded 
that the use of individual diatom taxa as indicative ol 
water conditions. 
Chattopadhyay (1983) reported the toxicity of 
detergents on the tish (Tilaoia mossambica), plankton 
(DiaDtomug jforbesi) and worm cpr^nchiura spwerbvi). 
Choudhari (1985) curried out a comparative 
study ot clear watet zone and polluted water zone ot 
river Ganga at Gultanganj from January 1963 to December 
1984 and reported a total of 26 forms of zooplanktons 
including 13 rotifers, 6 cladocerans. 5 copepods and 2 
protozoans. He further reported that species diversity 
was high at upstream site which sliowed slight 
contamination while it was low at sewage disposal point 
which indicated moderate range of pollution. 
Sharma (1986) studied the distribution and 
abundance of benthic fauna in the Bhagirathi river ot 
Carhwal (Himalayas). Water current, hydromedian depth 
(HMD), temperature, turbidity, dissolved oxygen and tree 
carbondioxide were also examined to evaluate their 
correlation with the benthic fauna. The study revealed 
that nymphs of L'phemeroptera and larvae of Trichoptera 
might thrive well in the present water quality. 
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studies on the river Ganga between the stretch 
of RishiXesh and Garlunukteshwar were carried out by 
Shanker (1986) at Gurukul Kanyri University. Hardwar. He 
reported d number- of planktons some ol which were 
considered to be pollution indicators. List of these 
2:ooplanktons catagorised by him are as follows;-
Clean water plankton 
Vorticella ap. 
EuQlena sp. 
Epistvlis 
Ciliata 
Monostvla 
Filinia 
Cvc1OPS 
Cvclopoi4 
Daphnia 
Moina 
Polluted plankton 
Arcella 
Colpidiuro 
Brachionus sp. 
Platvas sp. 
Alova sp. 
Fish fauna of river Ganga between Kalakankar 
(Pratapgarh) and Shuklaganj (Unnao) were studied by 
Srivastava et.ai. (1986), who reported a total of forty 
six varieties ol fishes belonging to Cyprinidae. 
Notopteridae. baguridae and Mastacembolidae were found 
dominating the region.Notopterus sp.. Ogt^o^ramA cotio. 
Lape<? sp., Mystue sp. and Mastacembelua sp. were 
observed to be of common occurence in the region. 
128 
Chattopadhyay et.ai. (1987) reported 
bao-ecologicdl studies in relation to wator pollution of 
the river Ganga between Katwa and Naihati. Ttjey observed 
that among the dillorent types ol prawn, the gold 
chingri. Macrobrachiuro ^0°^"^^^^^^^ <^^^^ fishes were one 
of the major catch about 15 years back in this region 
but was now about to disappear because this part of the 
river received huge untreated sowage from small towns. 
Gupta (1987) while studying the fish fauna of 
Banda supported the view that it was an admixture of 
East Himalayas and Peninsular elements exhibiting a 
close affinity to the fish fauna of Gangetic system, 
Satpura-Vindhya hills and Eastern and Western Ghats. 
Jhingran and Joshi (1987) reported six heavy 
metais in water, sediments, fish and molluscs in the 
river Yamuna at seven locations with its confluence with 
the river Ganga pointed out maximum metal levels in 
water and sediments were found at Delhi, followed by 
Agra. Mathura and Allahabad. 
The faunistic survey of river Ganga between 
Shuklaganj (Unnao) and Kalakankar (Pratapgarh) was 
carried out by Srivastava et.al, (1987). ITiey have 
identified 70 species of invertebrates and vertebrates 
out of which 26 were .invertebrates and 44 were 
vertebrates included fishes, amphibians, reptiles and 
marimals. Forcipomvia sp. and Chironomus larvae were 
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obser-ved to be present at <all the selected sites on the 
stretch of the river while larvae of HvdroDSVche sp.,a 
bio indicator, was present at a few sites only. The only 
monmals, Platanista aanaetica. was observed in the river 
when it was flooded. 
Jhingran (1988) while studying the aquatic 
pollution with special reference to the Ganga river 
system pointed out that fish food organisms such as 
Cyclops and Daphnia were more sensitive to metals 
(Zn,Cu.and Cr) as in the case of DDT and BlIC. Presence 
of such persistent pollutants in the water course not 
only created unfavourable environment for fish but also 
caused paucity of fish food organisms. 
From the Ganga river between " Uhuklaganj 
(Unnao) and Kalakankar (Pratapyarh), Sinha (1988) 
reported sixty vertebrates, out of which fifty sax 
fishes, one amphibian, two reptiles and one mammal were 
observed. Fish fauna was dominated by Cirrhinus mrlaala. 
Labeo bata, Mastacembe 1 us artnatus. Mvstus cavasius. M. 
aor, WL seenqhala. Notopterus notopterus. Rita rita and 
Wa 11ago attu. • Largo number of Kachuga kachuqa and 
Trionyx qanqeticus (reptiles) were seen at cremation 
sites.It was also concluded that the quality of aquatic 
environment governed the feeding habits of the fishes. 
Concentration of total nitrogen and protein in certain 
fishes was estimated and it was observed that out of the 
fishes studied Baaariua baaariua was the best fish so 
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fdr as total nitrogen and protein concentration was 
concerned. 
As a result of irivestiqataons on the effect of 
pollution on the zooplankton density ol the river, 
Srivastava et .ai.. (1988) reported that the zooplunXton 
density was very low at polluted sites and high -at 
cojnpurutively purer sites. 
The benthic macro-invertebratos in lour ponds, 
tanks and 20 Km. stretch of river Canga at I'atna (Dihur) 
were studied by Ahmad and Singh (1989). Ttiey reported a 
total of thirty two macroinvertebrates in river Ganga 
out of which three species were polychaetes, four 
species were oligochaetes, one species was Hirudinaria. 
one species was Crustacea, seven species of insects, six 
species of pelecypods and ten species of gastropods. 
Jhingran (1989) studied the impact of 
environmental disturbances on the fisheries ecology of 
river Ganga and concluded that the water quality of 
rivex- caused changes in population and density of the 
fishes. 
An extensive survey of Ganga at Rishikesh and 
Hardwar was made by Shanker (1989), who identified a 
total of 20 genera of zooplankton belonging to ciliata. 
rotifera, cladocera, rhizopoda, copepoda and larvae of 
some higher insects. He has also reported a marked 
variation m composition pf zooplankton population in 
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respect to their- habitat. 
Tyagi et. ol- (1989) also studied the biotic 
components of rivor Ganga near Bijnore and the animals 
collected and identified by thein included Amoeba. 
Cer'atium. Cadatum. Arcella. Eualena. VorticeUa. 
Filinia. Monostvla. Brachionus. Gastropus. yY<rWP?. 
Cvclopoid. Daphnia, Moina. Simocephalva. Lvmnaea. 
Viviparous. Compa1ona. Lamellidens and Plumbids. They 
also reported that the presence ot fishes like Barillua 
bola. Qphiocephalus punctatus. B. blaendensis. Puntiue 
ticto. Clarlus batrachus. P. sophore and Wa11ago attu. 
ITie food and feeding fiabits of Clupisoma 
garua. m the Gangu river has been studied by Afser 
(1990). Tlie mam constituents of the gut content wore 
vegetable matter, insects, crustaceans, fishes, molluscs 
and debris. 
Mohan (1990) estimated the quantitative 
entomotauna of river Bhagirathi in Tehri Garhwal 
Himalayas during 1986 1988. The effect of silt 
pollution on aquatic insects of these waters was studied 
by him. 
Negi and Singh (1990) reported the bottom 
fauna of river- Alaknanda. During the study period, they 
could collect and identify Ephemere11a ionita , 
Heptaaenia sulphurea. Caenis hornaria. Baetis rhodani. 
Bj. muticus. and Hvdropsvche fulvipes. Tlie biomasa 
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ot the benthac communitiea ot the river 
Alakimndu was studied by Negi (1990) during the 
period between 1906 and 1987. Maximum biomass of 
zoobenthos (6.72 _+ 3.09g/m ) was reported m the 
winters and minimum (0.08 ± 0.02 g/m' ) during the 
monsoon. She has concluded that there appeared u 
positive correlation between phytobenthos and 
zoobenthos. 
An ecological study of high altitude of river 
Bhilangana at Garhwal Himalaya, was investigated during 
the period from 1986 to 1968 by Sharraa efe. ai. (1990) 
and reported a total ot 3t3 genera of zoobenthos 
including 8 ephomoroptera, 7 trichoptera. 6 coleoptera. 
6 diptera, 3 hemiptera. 3 odonata and 2 plecoptera. 'Hiey 
further reported that the species diversity was high ut 
down stream (i^ )^ site, followed by S2 «»nd S^. A 
comparatively moderate velocity of river- at 3^ 
(X - 1.12ro/sec) supported a good benthic fuunu, whereas 
a very high velocity (X -2.13 m/sec) at S^ •^'^  "^^ 
permit the benthos to thrive well, quantitatively as 
well as qualitatively, u low abundance and diversity. 
Zooplankton density of Ganga river between 
KalakanXar (Pratapgarh) and Phaphamau (Allahabad) 
studied by Srivastava fii. ai.(1990). lliey reported that 
the zooplankton density was maximum (297 
no./litre)during summers and minimum (10 no./litre) 
during the rainy season at all the sites. Karemanikpur 
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and Phaphamou recorded the highest zooplankton denaaty 
while the lower density was observed ut Ilaudeshwar Nat)i. 
Slddiqul (1991) studied the planXtonic and 
benthic fauna of rivor Ganga between Narora and Kannauj. 
It was observed by him that the population of rotifers 
exceeded than those of copepods and cladocerans. Hot ifor 
populatior> was dominated by the genera Brachionus and 
Ker'atella. The density and diversity of zooplanktons 
were also studied by him. 
In another study the character of pollution of 
domestic sewage entering river- Ganga at Rishikosh was 
the subject of study by Chopra and Patrick (1991) who 
concluded that the pollution potential ol biological 
parameters was under moderate category. 
In her thesis entitled "Studies on the impact 
of water quality of rivor Ganqa on invertebrate fauna", 
Srivastava (1991) studied invertebrate fauna of river 
Ganga in the stretch between Ohuklaganj (Unnao) and 
Kalakankar (Pratapgarh). As a result of an intensive 
survey ol the ur^ ea. she could collect and identify 
eighty six species of irivertebrates comprising sixteen 
protozoans, fifteen rotifers, five annelids, thirty five 
arthropods. one gastrotricha. two nematodes. two 
arachnida and eleven molluscs. She also studied the 
zoopl-ankton density which was observed to range between 
19 no./ litre and 345 no./ litre, the maximum density 
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was recorded m June 1906 while minamum was recorded iii 
the month ot Jcinuary 19U7. 'Hie diversity indices value 
ranged from 0.b4 to 4.02. Benthic animals included u 
variety ot protozoans , copepods , hemipteruns 
ephemeropterans , trichopterans , dipterans , annelids 
and molluscs. Higher density of benthos recorded at the 
polluted sites was mainly due to the presence oi a large 
number of Charonomus sp. and Tubafex sp. .llie diversity 
indices ot benthos fauna indicated that the Ganga river 
water was lightly to heavily polluted m the stretch 
studied. 
Srivastava et..ai.. (1991a) studied the energy 
value (cal/g) for- certain gangetic animals in relation 
to water quality of river Cangu . 'Hie maximum enorgic 
values were recorded m the animals belonging to the 
groups molluscs, arthropods and fishes. 'Hie observations 
clearly indicated that the higher- energic values wore 
obtained in the animals collected from purer sites where 
lower energic values obtained from those of 
comparatively polluted sites except Charonomus larva© 
which was considered as a pollution indicator animal. 
Tamubi Devi et. aj.. (1991) studied the 
observations on the morphometric characters of the cat 
fish. Rita rita, from the xiwor Yamuna in North India. 
They recorded the total length, forked length, standar'd 
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length, hetid length, depth ot body at pectoral fin-base 
and at caudal peduncle. Males and females showed 
heterogeneity in characters . standard length and depth 
of body at pectoral fin -base were different at 1^5 while 
forked length and head length were different at 5% level 
of significance. The fish also exhibited sexual 
dimorphism. 
Tiwari ejt. aj.-' (1991) monitored the water 
pollution in snow fed river Alaknanda at Hudraprayag and 
observed that the zooplankton showed marked variation 
during monsoon and winter season. 
Bisht and Chottoraj (1992) investigated the 
quantitative and frequency distribution of collembolan 
fauna from different sites of Alaknanda and reported 
twenty seven species ot Collembola. The diurnal 
variations of physico chemical and biological-
characteristics of Ganga water at Kanpur on Makar 
Sankranti 1987 was studied by Sinha et ai.. (1992). who 
observed that the plankton density increased during 
night and decreased with the rise of temperature during 
day. They also reported that mass bathing caused 
remarkable reduction in the planktorj density. 
In her thesis entitled "Studies on faunistic 
survey of river Ganqa between Kalakankar and Phaphanmau 
with special reference to fishes". Srivastava (1993), 
carried out intensive survey of the area, collected and 
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identified hundred tive species oi invertebjr'utes 
comprising eighteen protozoans, sixteen rotifers, four 
nematodes. four plaLyhelminthes, seven annelids, 
thirteen crustaceans, tour odonata, two ephemeropterans, 
two neuropterans, eight hemipterans, eight coleopterans, 
two trichopterans, five dipterans, one arachnid, eight 
gastropods, three lamellibranchians and seventy 
vertebrates comprising fifty seven fishes, one 
amphibians, three reptiles .eight aves, and one mammal. 
She also studied the zooplankton, benthos density and 
diversity, biomass and calorific values. 
Chandra et. al. (1994) studied the fishery and 
spawning of the Indian shad, Hllsa ilisha (Ham.),in the 
middle stretch of the Ganga river system. On the basis 
of their observations on spawning of Hilsa made form 
1967 to 1972. the stretch from Vindhyachal and below 
could be categorised as more productive. 
The biological fabric of Ganga ecosystem at 
Kanpur was studied by ShuXla and Anjum (1994). Under 
this, they observed the density and diversity of fishes 
and their infection by certain fungi. 
Srivastava ei. aj.. (1994) collected and 
identified fifteen genera/species of rotifers in Ganga 
river between the stretch of ShuXlaganj (Unnao) and 
Kalakankar- (Pratapgarh). The seasonal distribution of 
rotifers regarded as bio • indicators with reference to 
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certain physico chemical parameters i.e. temperature, 
pH, dissolved oxygen, alkalinity and hardness was also 
reported by them. 
A perusal ot the above mentioned studies would 
reveal that the morphology, ecology, biology, physiology 
and biochemistry of the invertebrate and vertebrate 
fauna ol dilterent rivers is governed hy its water 
quality and discharge ot wastes and effluents into it. 
A critical scrutiny of these studies revealed 
that so far no attempt has been made on the study of 
river Sai between Lohanipur and BehtaKhurd in RaeBareli 
district. "nierefore, the present studies on the 
invertebrate and vertebrate fauna of the river i3ai and 
the impact of physico - chemical characteristics of the 
river water on these animals at the selected sites 
(already described) were made and the observations have 
been presented in the pages hereafter. 
FAUNISTIC SURVEY OF RIVER SAI IN THE 
STRECH FROhl LOHANIPUR (RAE BARELI) 
TO BEHTA KHliRD CRAE BARELI) 
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FAUNISTIC SURVEY OF RIVER SAI IN THE STRETCH 
FROM LOHANIPUR (RAE BARELI) 10 BEHTA KHURD (RAE BARELI) 
INTRODUCTION 
'ITie rapid incr-ease in the population during 
the twentieth century has led to over exploitation ot 
natural resources for the survival ol huinanit/ and 
brought major changes m tlie ecological systems ot the 
river basins. Population growth, urbanization, 
industrialisation, land development and greater stress 
on food production have all led to an increase in the 
poHution ot aquatic ecosystem. The aquatic ecosystem 
needs a special emphasis because faunistic living ther"e 
in are permanently exposed to substances dissolved in 
water and also due to the possible accumulation of these 
cliomicals in the organisms either directly from the 
water" or through the food chain. 
TTie fauna occupies un important position an 
the aquatic ecosystem, serving as a link between primary 
producers, decomposers and higher trophic levels. 
Systematics, distribution, divorsit/ and ecology of the 
invertebrate and vertebrate fauna in a fresh water lotic 
and lentic ecosystems as affected by the pollutants 
discharged into them have been the subject of study by a 
number of scholars like Hora and Mukherjee,1936; 
Jhingran et.aj..,1958, 1970; Srivastava, 1962; Pahwa and 
Mehrotra.1966; Rai. 1974; Arora et.al..l973; Khare 
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£t.al.,1979; Bilgraml and Datta Hunshl,1979, 1985, 1986; 
Datta and Bandho ,1985; Sharan, 1986; Srivastava •%.&!.. 
1986, 1987 and 1990; Tyagi fi^.ai. .1989; Verma fit-ai-. 
1990; Pandit et.ai.,1991; Sinha .1991; Srivastava. 1991. 
1993; Khanna and Badola. 1992; Khanna ^.si-.1992 ;and 
Srivastava fit .fij,., 1994. 
The rivwr Sui Fms been sludied between the 
stretch from Lohanipur (Rae Barell) to Behta Khurd (Rae 
Bareli) in our college laboratory for the last few years 
since the population inhabiting the surrounding areas 
are mostly directly or indirectly dependent on this 
rivex" water. Moreover, the faunistic communities of the 
river Sai has not been a subject of irjveatigution and 
research previously. Hence, this thesis contains a 
regular survey, collection and identification of fauna 
of the river Sai at the selected sites during the period 
from May 1990 to April 1995. This paper describes our 
observations on the invertebrate and vertebrate fauna 
of the river Sai; 
MATERIALS AND METHODS 
An extensive survey of the river Sai has been 
undertaken. The collection of invertebrate and 
vertebrate fauna from the six selected sites was 
carried out periodically. The planXton and the benthos 
samples were collected with the help of- plankton net, 
made up of bolting cloth (mesh size. 25 seives/ sq cm) 
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and EJunan' a dredge respect ively. Soil soinp 1 es were 
seived through a 120 mesh size seive and then studied 
with the help of binocular microscope and handlens. 
Fishes and other vertebrates were collected wit)) the 
help ot drugrnet. 
llie genera/species were ideritified witli the 
help of standard texts like Distant.1903a ; 
Distant.1903b : Preston . 1915 ; Ward and Whipple. 1918: 
Edmondson . 1959 : Salim Ali. 1964 ; Pontin . 1976 ; 
Mellanb/ ,1979 ; Tonapi.1960 : Ja/aram.l961 ; Austen . 
1982 :Adoni.l985 ; Kudo.1966 : Datta Munshi and 
Srivastava.1988 and Shanna,1992 . 
OBSERVATIONS 
The list of the Sai river fauna, collected in 
different seasons from the above mentioned sites have 
been presented in Table I and II. It would be apparent 
from the tables that a total of 104 invertebrate and 
vertebrate species were collected and identified, out of 
which 117 were invertebrates and 67 were vertebrates. 
Amongst the invertebrate. 19 were protozoans. 
20 rotifers. 1 gastrotricha. 2°nematoda, 7 annelida, 14 
Crustacea. 3 z/g6ptera. 2 odonata. 3 plecoptera. 4 
ephemeroptera. 12 hemiptera. 2 neuroptera, 7 coleoptera, 
2 trichoptera. 6 diptera. 2 arachnidu. 9 gastropoda and 
2 lamellibranchia. 
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The vertebrate fauna contained 54 fiBhes. 1 
amphibia. 2 reptiles and 10 birds. 
Our observations regarding the study ate being 
described below under separate headings : 
I- INVERTEBRATE FAUNA 
SITEWISE VARIATIONS : 
Phylum protozoa was represented by nineteen 
genera, of theo9 Bodo sp^, Colpidium sp., EuQl»na sp.. 
Pflr^ fnVii'ffn ^p. and Vorticella sp. were present at all 
the sites. Amoeba sp. was collected at Kajyhat and 
Nunshiganj while Clathrulina sp.and Eualeoha sp. were 
collected in the winter months Irom Jagdishpur and 
Rajghat. Soil and mud dwelling protozoans like 
SniXSSLSB&m sp-' Stentor sp.and Stvlonchia sp. were also 
collected. Prorodon sp. was collected frc»n all ths 
sites except from Jagdishpur whereas Tetrahvmena sp. was 
collected only from Jagdishpur. Rest of the protozoans 
listed in Table- I were collected from different sites 
in different months. 
Twenty rotifers were collected in this 
stretch. Brftffhi9nvMi dlfflidiAlus. Brftghjgnm 
Wft4rJ4WtfttO> PiMgn^gfl 8P- . n U n 4 t t l o n a l s s t a . 
K^rftt^fflU PrgffVryg and Keratel la t r o p i c a were c o l l e c t e d 
from a l l the s i t e s . Anuraeopsis s p . , Ascoroorpha s p . , 
CoJurus sp-and Wot ho J ca ap. vreio aollectsd in winter 
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sBnaon. Rotaria vivipera was recorded only in monsoon 
season. Maximum number of rotifers were observed at 
Rajghat. Dariyapur, Jagdishpur and Behta Khurd 
Phylum gustrotrichtt was represented by only 
one genus, i.e. Chaetonotus sp. whicli was recorded troin 
Lohanipur and Nunshiganj. 
Two nematode worms, porvlairous staor^ajis and 
R^ab^olaimus sp. were collected and identified. 'Hie 
first was recorded from Behta Khurd, while second sp. 
was recorded from various sites. 
Among annelids, seven genera have been 
identified. A Glossophonia sp. was collected from 
Rajghat and Behta Kliurd while Nais sp. and Ty^ifey sp. 
were collected from all the sites. 
Phylum arthropoda was represented by a large 
variety of animals, out of which only fifty seven 
species could be identified. Crustaceans were 
represented by fourteen species. Arau1us sp. was found 
as ectoparasite on cyprinoid fishes at Jagdishpur only, 
while Macrothrix rosea was collected from NunshiganJ. 
Paratelphusa sp. was found at Dariyapur and Jagdishpur 
in large numbers; Cvpris sp. was collected from 
Lohanipur, NunshiganJ and Behtakhurd while MQJnq sp. 
was collected from Nunshiganj and Behtukhurd. 
Forty one species of insects belonging to ' the 
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nine orders i.e. three zygoptera. two odonato, three 
plecoptera, four ephemoroptera, twelve hemiptera, two 
neuroptera, seven coleopterai two trichoptera, six 
diptera could be identified. Among zygoptera Ischnura 
vertical is was collected from various sites. 
The Damsel fly and its nymph were collected 
from Lohanipur, Munshiganj and Dehta Khurd. TUnong 
odonata. Dragon fly and its nymph were collected from 
all the sites among plecopterans, three nymphs of Per^ ft 
bipunctata. Isoperla and Leuctra were collected. perla 
bipunctata nymph was observed at Munshiganj while 
Isoperla nymph, Leuctra nymph were collected troin 
highly polluted sites i.e. Raighat, Uariyapur and 
Jagdishpur. Among Ephemeroptera, Baetis sp. and Caeplff 
sp. were collected from various sites while Ephemerella 
,sp. was observed only from Rajghat.May fly was found 
from Dariyapur and Jagdishpur. Hemipterans were 
represented by twelve species i.e.Belostoma sp., Corixa 
sp., Gerris sp., Hydrometra staqnorum, Metrpcoris 
cCTOpar. Nepa robustus and their nymph, Notonectft sp., 
ElAA JjAS&i. Rflnatrtt ffUngfltg. Perittooug ralsiat and 
Velia caprai. Belostoma sp.. Corixa sp..Gerrie sp. Nepa 
robustus and their nymph were collected from all the -
sites while Velia yaprajwas collected from Munshiganj, 
Dariyapur and Behta Khurd. Neuroptera was represented by 
Sialis larva and Sialis sp. which was collected from 
Hajghat only while its larva was collected from 
Dariyapur and Behta Khurd. Order coleoptera wa« 
144 
Dehtu Khurd. Order- coleoptera was represented by seven 
species. Deronectes eleqans was collected only from 
Munshiganj while Gvrinus sp. was collected from 
Lohanipur and Behta Khurd. Two species of order 
trichoptera was represented by the presence ot Caddia 
fly and Hvdropsvche larvae. Caddis fly was collected 
from Rajghat, Dariyapur and Behta Khurd while Hvdropsvcha 
larvae was collected from all the sites. Among dapterans 
Chironerous larvae, Corvnoneura larvae, Culex larvae, 
ErlBtalJB sp., Forcipomvia larvae and Psvchoda sp. were 
collected. gt^jyonomuB larvae, Culex larvae and 
Forcipomvia larvae were collected from all the sites. 
Corvnoneura larvae was found at Rajghat and Dariyapur 
while Erista]is sp. was collected from Rajghat, 
Dariyapur and Jugdishpur. 
Class Araclinida was represented by two species 
i.e. Hyqrobates sp. andMeqapus sp. Hvarobates sp. was 
observed at all the sites while Meqapus sp. was found at 
Rajghat. 
Molluscan fauna were well represented by 
gastropods and lamellibranchs. A total of nine species 
of gastropods were collected, i.e. Gvrulus coropressus. 
Heli;i exual. Lvmnea amvadalus. Melanoides tuberculatus. 
Melanoides sp. , Vivipera benqalensis. Vivipera craasiy. 
Vivjpera sp. and Planorbia exustua. Two species of 
I^omellibranchia i .e.Anodonta sp. and Lamellider^a 
marginal is were collected from all the sites. 
SEASONAL VARIATIONS ^^^ 
An examination of the Table-1 clearly revealed 
that the maximum number of animals were collected during 
winter and sumner seasons while minimum riumber of 
animals were collected during monsoon season which might 
be, due to the flood. In winter season, temperature 
remained favourable for organisms which was also^ a 
factor for increasing diversity as well as density. 
A short description of the above mentioned 
invertebrate fuuno along with their sites of collection 
has been descxibed below : 
PHYLUM-PROTOZOA 
1. ActinoDhrvs sp. 
It is a planXtonic. floating amongst the 
vegetation and rolling over* the bottom like a tiny 
prickly ball also called as "Sun animalcule"; a nucleus, 
food vacuole, contractile vacuole and pseudopodia, all 
are visible; collected from all the sites except Ra }ghat 
and Jagdishpur. 
2. Amoeba sp. 
Planktonic commonly found on the surface of 
the mud containing bacteria and organic substances; body 
asymmetrical and changes constantly with pseudopodia. 
Protoplasm divisible into ecto and endoplasm. single 
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contractile vacuole and food vacuoles conspicuous; 
usually uninucleate: collected from Kojghat and 
Munshiganj (Fig. 1). 
3. Art:<»Uft op-
Planktonic organisms, commonly found in mud 
among decaying vegetation; smooth shell secreted by the 
animal; a single central opening, the mouth or pylome; 
tilopodia finger like; membrane punctate, protoplasm 
united with the inside of the shell with ectoplasmic 
strands; bi or multinucleate; vacuoles two or more; 
collected from all the sites except Lohanipur. 
4. Bodo sp. 
Planktonic form; body small, ovoid and nacked with 
the smaller interior part bearing a pair of unequal 
flagella; collected from oil the sites. 
t5. Ceratium sp, 
Planktonic organism; body small, enclosed in a 
thick pellicle of cellulose, made of closely filling 
platelets; three armoured spines and two flagella are 
present; collected from Rajghat, Dariyapur and 
Behta Khurd. 
6. Clathrulina sp. 
Bottom feeder and planktonic organism; 
siliceous skeleton, like a stalked golf ball; animal 
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sticks, pseudopodid out through the holes; collected 
from Jagdishpur only. 
7. Colpidium sp. 
Planktonic organism; body ovoid to renitorm 
dnd ventrally incurved; mouth triangular, always open 
and oblique, dorsal ciliary rows cur-vo outward ut the 
preoral suture; contractile vacuole usually in the 
middle; collected from all the sites (Fig. 2). 
8. Didinium sp. 
It is planktonic. body barred shaped, 
encircled with two hoops of cilia; mouth opening 
situated at the tip of body; hinder end rounded; 
macronucleus horse-shoe shaped; collected from all th« 
sites except Lohanipur and Dariyapur (Fig. 3). 
9. DiffluQia sp. 
This is also planktonic. free living and 
commonly found in mud particularly in decaying 
vegetation; shell globular to pyriforin. frequently with 
spines and processes, aperture at the extremity; 
distinct neck with a terminal mouth opening; fiJopodia 
finger like; uni or multinucleated; collected from 
Rujghat, Dariyapur , Jagdishpur and Dehta khurd. 
10. Eualena sp. 
It is also planktonic form, found abundantly 
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in the water containing nitrogenous organic matter, 
leaves and twags; body elongated, tusitorm with a 
pointed posterior end and a vibraLile tlaqelluni at the 
anterior end; body bright green colour owing to the 
presence of chloroplast and a single nucleus; collected 
from all the sites. 
11. EualvDho sp. 
Planktonic organism; test straight, elongate 
to oviform, occasionally compressed; body with oblique 
rows of round or oval plates making hexagonal areas and 
usually with spines; apertur-e terminal, circular, 
bordered by denticulate scales; pseudopodia often 
branched; collected from Rajghat only. 
12. Halteria sp. 
Planktonic form; minute and common protozoan; 
quite characteristic movement; shows typical circle of 
cilia and long bristles; collected from all the sites 
except Jagdishpur and Behtakhurd (Fig. 4). 
13. p^ yainy^ -|iifn sp. 
Planktonic organism; found abundantly in the 
organic infusions; feed upon bacteria and tiny protozoa; 
body large, uniformally ciliated, slipper shaped 
animalcule; cytostome at the back of the middle of body, 
perinanontly open; two nuclei -one micro and one 
macronucleus; two contractile vacuoles; collected from 
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all the sites (Fig, 5). 
14. Prorodon ap. 
PlanXtonic organism; body uniformly ciliated 
and° symnetricdlly ovate; mouth oval and terminal, 
neighbouring cilia thicker; gullet long, ends uniformly 
rounded; appears green owing to symbiotic zoochlorellae; 
collected from all the sites except Jagdishpur. 
15. Spirostomum sp. 
It is also planktonic ; found in shallow 
water. Body very long, highly cylindrical; body with 
conspicuous spiral striations. flexible and without 
ridges, peristome longitudinal, narrow, parallel to th« 
body axis; undulating membrane absent; nucleus oval, 
l^rge contractile vacuole on rear ends with long dorsal 
canal; collected from Rajghat, Jagdishpur and 
Dehta Khurd (Fig. 6). 
16. Stentor sp. 
It is a planktonic organism, lives amongst tho 
aquatic plants and decaying matters; body elongated, 
trumpet shaped, uniformly ciliated with a few sensory 
bristles; macronucleus usually rosary shaped; 
contractile vacuole anterior; locomotor cirri absent; 
collected from Behta Khurd. 
17. Stvlonchia sp. 
It is also a planktonic organism which lives 
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freely in the water and moves with the help of cilia 
whach appear as "leg" at the bottom; body elongated and 
oval, sides of the body fringed with marginal cirri; 
feeds on bacteria, green flagellates and small ciliates, 
collected only at Rajghat. 
10. Tetrahvmena sp. 
Planktonic organism with ovoid and uniforxnly 
ciliated body, buccal cavity nearly parallel to body 
axis; mouth some what triangular; membranes inside the 
buccal cavity, right margin of mouth with one undulating 
membrane and other with three membranelles; collected 
only from Jagdishpur. 
19. Vorticella sp. 
PlanXtonic organism with inverted bell shaped 
body. It is solitary, colonial and attached to the 
substratum with the help of unbranched long and 
contractile stalk; two circles of cilia on the disc; 
endoplasm with a long and horse shoe shaped macronucleus 
and a small micronucleus; collected from all the sites 
(Fig. V). 
PHYLUM - ASCHELMINTHES 
CLASS - ROTIFERA 
20. Anuraeopsis sp. 
Planktonic form with two plates of loricu 
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which art* shield shaped. 'Hie dorodl plate arched and 
cventral plate almost tlat; loracu plates jointed 
vonttally or» each side with the fold ot elastic 
membrane; toot and spines absent; collected from Kujghat 
and Jagdishpur (Fig. 8). 
21. AscCTDorpha sp. 
Planktonic organism; body sue like, ovul or 
flattened dorsoventrally; cuticle mostly thin; stomach 
close to epidermis with conspicuous extensions or lobos 
and algal cells or chromatophores; without gastric 
glands; eye red; collected from all the sites except 
Lohanipur- and Munshiganj. 
22. Asplanchna sp. 
PlanXtoiuc. predatory, vuvaparous with sue 
shaped body which is large, transparent, illoricate; 
body cavity large; stomach small without extension, 
intestine and anus absent; foot and toes absent; one 
cerebral and two lateral eyos; collected from Munshiganj 
and Behta Khurd. 
23. BraChionus diroidiatus 
Planktonic fortn; lorica oval with four- short 
anterior spines, posterior and posterolateral spinas 
absent, in some forms anterior spines reduced to blunt 
projections; resting eggs usually within female's body; 
collected from all the sites. 
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ITils organism is also pla/iktonic with lorica 
moderately dorsoventrally compressed, dorsal anterior 
margin with four- spines laterals are longer- than the 
median; interxnodiates absent, spines pointed or rounded 
at tips; ventral margin elevated and undalated with a 
shallow unflanXed median sinus, posterior spines are two 
usually long stout and widely separated at their bases 
and tapering to blunt points;°collected from all the 
sites (Fig. 9). 
25. Cathvpna sp. 
PlanXtonic organism; two plates of lorica; on© 
of them which arches over the back of the animal is much 
covered while the ventral one flatter; collected only 
from Jagdishpur. 
26. Ceohalodella sp. 
Planktonic form; lorica longer than broad and 
delicate, made up of several fairly flexible pieces; 
semi loricate to illoricate, laterally compressed; Joot 
fjhort; toes curved, short to long, trophi virgate; 
collected from all the sites except Lohanipur and 
Munshiganj. 
27. Colorus sp. 
It IS a planktonic organism. 'Die lorica in 
made of one piece and continuous across dorsum, not 
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twisted; anterior end rounded or truncated; posterior 
end either rour)d or extending into a point; doreal head 
shield small, retractile, laterally flattened; toes and 
foot fairly well developed: collected from Rajghat 
(Fig.10). 
28. Diaschiza sp. 
Planktonic form; free swinming; commonly found 
amongst plants; skin is hardened to form a lorica which 
gives this rotifer a definite shape; collected from all 
the sites. 
29. Epjphanes sp. 
PlanXtonic organism; body saccate with three 
tufts of cilia on anterior end; dorsal antenna clearly 
visible laterally; foot long and wrinkled; in ovigerous 
female. it bends over' the egg; toes short and blunt; 
collected from Hajghat. Dariyapur and Delita Khurd. 
30. Euchlanis sp. 
Planktonic organism; lorica oval with shaddow 
posterior depression; dorsal plate strongly convex, 
ventral planar; dorsal antero-posterior keel prominent; 
toes strong, pointed; collected from all the sites 
except Lohanipur. 
31. Filinia lonaiseta 
Planktonic form; body cylindrical & stout; 
bristles small, equal thin; two anterior and one 
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posterior spines; foot absent; two eyes; trophi 
mdil leoromate; collected from all the sites. 
32. Keratella cochlearis 
Planktonic organism; lorjca dorsoventrally 
flattened; dorsal plate strong with polygonal facets; 
ventral plate delicate; six anterior spines; posterior 
spines mostly present;'foot and toes absent; collected 
from all the sites except Lohaiupur and Munshiyanj. 
33. Keratella tropica 
Planktonic organism with two separate ventral 
antennae placed widely apart; antennae short and stumpy; 
egg shaped colonies with a characterastic central axis 
from which about 2^0 individuals radiate; collected from 
. all the sites (Fig. 11). 
34. Keratella sp. 
Planktonic form; lorica elliptical without 
posterior spines; anterior" median spines longer-; dorsal 
plate of lorica with throe completely formed fields 
along median axis; first field square like, fourth 
inccMnpleto; posterior end of lorica with row of marginal 
faelds; collected from Kajghat, Munshiganj and 
Jagdishpur. 
35. Notholca labis 
Planktonic organism with oval lorica whiclj is 
ddrsoventrally flattened with six anterior spines; 
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median and late/als of the aarae length; poslei:ior end of 
lor lea With short broud and blunt process; collected 
from Rttjghat. Dajtiyapur and Jagdishpur. 
36. Philodina ap. 
Planktonic organism, oviparous but sometimes 
appear viviparous; cuticle thin and ilexible, corona 
With two separate trochal circles on pedicles; trophi 
ramate; foot long but less than half ot the total lenght 
ot, the body; toes three; spurs two and short, two eyes, 
•cervical in position; lumen of stomach narrow; ovaries 
paired, collected from all the sites except Lohanipur 
and Kajghat. 
37. Ratttuls sp. 
PlanXtonac organism, loiica iS a Single 
cylindrical delicate unit; aingie long toe on the foot 
wliich le produced into spines; found among aquatic 
weeds; collected from all the sites. 
3B. R9tar?fl vivipera 
Planktonic form; lorica present; corona with 
double circle of cilia; foot ]ointed. long and thin with 
two spurs, toes throe; jaw rumate, two eyes present; 
viviparous; collected from Rajghat. 
39. R9tU»r neptuniB 
Planktonic organism; body long slender; a pair 
•of eyes very close to the frontend of the body; 
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collected from Rdjghdt and Jaydishpur. 
PHYLUM-GASTROTRICHA 
40. ChaetonotuB sp. 
Bonthic animul; similar to protozoans but 
tneir body -is made up of man/ cells arranged in tissue 
to forxD muscles, occur amongst algae and other 
vegetations; collected from Lohanipur and Munshigunj. 
PHYLUM-NEKATODA 
41. Dorvlaimus staanalis 
Benthic animal; wliito colour; true living; 
mouth has a stylet; body long cylindrical; thread like; 
collected from Bohta Khurd. 
42. Rhabdolaimus sp. 
Bonthic animal; found in mud and debris, body 
long and cylindrical; transparent; no hooks or stylet at 
the mouth end; collected from all the sites except 
Lohanipur and Nunshiganj. 
PHYLUM-ANNELIDA 
43. g?)ftyt;9qog1;,^ r sp. 
Planktonic and benthic animal; whitisJi in 
colour- except on the gut; no bristles in segments 3, 4 
•and tj»; commonly found associated with tube building 
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animals such' as Chironomua larvae ; collected trom 
Kajghal, Dari/apur and Jagdishpux-. 
44. Dero sp. 
Planktoriic and beiithic torwi; livoo xu rnud und 
self constructed tubes; red blood which makes the body 
look pink; the posterior end consists ot a number ot 
ciliated "gills" collected from all the sites execept 
Munshiganj. 
45. GlQggophonaa sp. 
Bonthic animal; strorjg swimmers generally 
found in marginal zone; body blackish green colour, 
fattened, oval elongated and sometimes foliaceous with 
narrow head end; three pairs of eyes; collected from 
Rajghat and Bohta Khurd. 
46. EiBaniella tetrahedra 
Benthic animal; yel lowish-brown colour-; length 
about 4 or 5 cm; body has a prominent girdle near the 
middle; head is slightly pointed while the tail ends 
squarely; occur among the mud; collected from F^ ajghat, 
Munshiganj and Oariyapur. 
47. Wais sp. 
••f -^ 
Denthic animal; lives among filamentous algao 
and water plants where it builds rather flimsy tubes; 
pale pinkish or brownish colour with usually a pair of 
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eye spots; dorsdl bristles are long and huar- like body 
some what transparent; collected trorn all tl)e sites. 
48. Paranais sp. 
PlanXtonic and benthic tonn; tound among 
floating weeds,- white colour with transparent body; 
bristles <iX9 short and cleft at the end; collected from 
Munshiganj and Behta Khurd. 
49. Tubifex sp. 
Benthic animal; usually red blood which makes 
the blood vessels standout very clearly in the 
transparent white body; bristles present in bundles; 
anterior end embedded in mud; waves the posterior end in 
water for aeration; .segments clearly demarcated; 
prostomium shor't, triangular, tips pointed; eye spot and 
cilia absent, tail is used as a gill to obtain oxygen 
from the water; colleted from all the sates. 
PHYLUM-ARTHROPODA 
CLASS-CRUTACEA 
t50. Araulus sp. 
Commonly known as tish louse. It is a 
parasitic animal; found attached on fishes mostly to the 
gill region; body is disc shaped with a pair of saucer-
shaped sucker's near the head end on the ventral side; 
collected c5nly from Jagdishpur . 
159 
51. Bomina sp. 
PlunXtomc and bouthic torw, body oval, 
hyaline, valves thin with infero posteal apines; body 
and foot covorod with bivalvo shell; untorjnulos greatly 
elongated and beak like, attached on Lh« ventral sade of 
the head and not covered by tornices; distal end appear» 
segmented; antennule immobile in females; antenna with 
three and tour jointed rami; six pairs of appendages; 
male smaller, rostrum shox't and blunt, antennules large 
and free; eye large; collected from all the sites. 
52. CanthocamptuB sp. 
It is a plunktonic and ber)t))ic form; feeds on 
diatoms and algae, used as fish food; the body divisions 
are not vor^ distinct, first pair of antennae quite 
short and not used for swimming; locomotion is more like 
creeping than swimming; body is bent and straiglitens 
with jerks; collected from Rajghat and Munshiganj. 
53. Centrocvpris sp. 
Planktonic and benthic form; body shell 
oblong, dorsal margin smoothly convex; ventral margin 
more or less straight; surface covered densely with 
hairs and disper'sed with tubercles; anterior margin is 
narrow, posterior margin slightly broader than anterior; 
eye prominent; natatory setae of the second antenna 
extend beyond the tip of the terminal claws. terminal 
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claws with slightly curved tips, collected from Kajghdt, 
Nunshjgan.i and UehtaXhurd. 
154. Chvdorus sp. 
Planktoruc and benthic form; body small, 
spheroidal to ovate; head depressed; dorsal keel on head 
absent; valve smooth or reticulate; rostrum long, acute; 
antennules small but thick; postabdomen short and forms 
a prominent preanal angle; collected from all the sites 
except Jagdishpur. 
55. Cyclops sp. 
Planktonic and benthic organism; anterior part 
of the body is fatter and antennae comparatively 
shorter; first antennae 17 segmented, three distal 
'segments with row of fine hyaline spines; second 
antennae 4- segmented; first 4 pair of legs 3 
segmented; fifth pair of legs 2- segmented, the distal 
segment small, narrow and boars a long tertninal bristle 
and short or moderately long itmer lateral spine; 
receptaculum seminis round; egg sac two; coinnonly filter-
feeder; collected from all the sites. 
56. Cyprus sp. 
Planktonic and benthic nature; whitish in 
colour; free swimming and can walk on plant and bottom; 
shell tumid, broader than long; left valve slightly 
larger than right valve; shell covered with numerous 
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tubercles; natatory setae of the second antenna reaches 
the tip of the terminal claws; terminal claw of the 
second thoracic leg bent and denticulate; collected fr'om 
Lohanipur. Munshiganj and Dohta Khurd. 
57. Daohnia sp. 
PlanXtonic and benthic form, body compressed; 
dorsal and ventral margins rounding over towards each 
other; posterior part provided with a sharp caudal 
spine; head not separated from body by a dorsal notch; 
females with well marked and pointed rostrum, small 
antennules, 3 4 abdominal processes anterior one bent 
forward tongue shaped and long, males with large 
antennules and first leg with hook and long fl age Hum; 
collected from all the sites except Hajghat, Dariyapur 
and Jagdishpur. 
b(i. Diaptomus sp. 
Tins IS plank tonic and benthic in nature. It 
is found in the mud on the banks of river-; body slender-, 
rami 3 segmented in first four pairs of thoracic legs 
except the first endopod of 1st leg bisegmented; Sth leg 
biramous. rami 1 to 2 sogmontod with or without two 
apical setae and in male asymmetrical endopod 
rudimentary, right leg ending in a single claw; 
collected only from Lohanipur. 
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59. Macrobrachium lanmerrei 
Nektoniu animal; body cylindrical, aomo what 
longor , laterally comprossod wit)i u conspicuous carapace 
and distinct abdomen; mouth parts biting type; eyes 
compound, stalXod, movable, eight thoracic segments; 
collected from all the sites (Fig. 12). 
60. Macrothyix rosea 
Nektonic animal; small forms with oval round 
shape; body compressed; spines on ventral margin of 
valves are long stout and movable in all directionn; 
head is large and rounded anteriorly; antennules are 
large and broadened at their tips; antenna large, basal 
setae three jointed - ramus stout, stiff, hook on first 
ley in male, first antenna of female flattened, curved, 
freely movable; collected from Munshiganj. 
,61. Mpina sp. 
Nektonic animal; head and body rounded and 
transparent, head is without a rostrum, large and bent 
down wards; fornix small, rostrum and ocellus lacking; 
posterior margin of carapace without spine; in female 
abdominal projection horseshoe shaped; post abdomen 
.wide, bears ciliated spines and bident; abdominal setae 
long, claw small; m male antennule long and stout, 
denticulate; collected from Munshiganj and Behta Khurd. 
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62, Nauplius larva 
PlanXtonic organism; its larva is hatchod out 
from the eggs of copepods; body is oval, unsegmontod and 
smaller in sizo; eye frontal and median; three pairs of 
appendages incompletely developed; first pair 
(antonnules) uniromose, second and third (antennae and 
mandibles) biramose; free swimming; collected from all 
the sites. 
Benthic animal; no ploopods so that it can not 
swim. Tlie eggs develop in between the abdomen and 
caphalothorax. which is large, depressed and expanded 
laterally; abdomen greatly reduced; antennules voty 
small; mouth parts biting type; eight thoracic segments; 
first pair unfunctional; collected only from Oariyapur 
and Jagdishpur. 
CLASS - INSECTA 
ORDER - ZYGOPTERA 
Neustonic animal; black dorsally with a bright 
blue patch /lear* the tips of the abdomen; useful in pest 
control; collected from all the sites except Jagdishpur. 
63. D^ apsel fly 
Commonly found darting and making dancing 
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activities neat- the river, body is more slender and is 
not a good tlier; both the pairs of wings are equal in 
size and folded backward on the abdomen, collected from 
Lohanipur and Munshiqanj. 
66. Damsel fly nymph 
Denthic fonu; the nymph is long and slender, 
with three flattend projections at the end of body, 
forming the external gills; collected from Lohanipur, 
Munshiganj and Behta Khurd. 
ORDER - ODONATA 
i. 
67. Dragon fly 
It IS a good flier and is seen near the water: 
hind wings txre slightly larger' and both the pairs of 
wings are hold in horizontal position, a socondar-y 
copulatory organ on the ventral side of the second 
abdominal segment; female oviposits eggs m a gelatinous 
strand in the water; collected from all the sites. 
68. Dragon fly nymph 
Denthic animal, nymph is short and stout with 
small posterior projection, internal gilla. greenish, 
brownish and greyish in colour, collected from all the 
sites. 
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ORDER - PLECOPTERA 
69. Perla bipunctata nymph 
Denthic animals; the nymph of Perla are the 
large/- and have the most robust looking bodies of stone 
tlios; tubular gills are present on the thorax and ^  the 
end of the abdomen in all except the youngest ones; 
collected only from Munshiganj. 
70. Isoperla nymph 
Benthic in nature. It is slender and greoriisli 
in colour; common in flowing river; collected from 
Dariyapur and Jagdishpur. 
71. ;.^ vtgtr^  nymph 
Denthic in nature; commonly found under stones 
in swift rivers; nymphs are small and fragile. I'hese 
also burrow in sand, and duo in captuvity if exposed to 
too much 1ight. 
ORDER - EPHEMEROPTERA 
72. Baetis sp. 
Benthic in nature; nymphs moult in water ond 
are provided with two gills known as thoracic and 
abdominal qills; gill flattened and leaf like which 
moves always with the current of water; female descends 
under the water to lay her eggs on stones; collected 
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fi-oni Lohanipu/- , Munshigonj and Dehta Khurd. 
73. Caenis sp. 
Benthjc an nature; tho nymphs are taxxly 
sluggish; live in mud. water or plants; carnivorous and 
frequently covered with mud particles. It has gills; 
first pair- (Ste vestigeal , the second pair forma a hard 
covering which protects the tour pairs ot gills; 
collected from all the sites except Lohanipur and 
Rajghat. 
74. Ephemera11a sp. 
It 18 bonthic in nature; nymphs are found 
creeping along the mud on the bottom of river. It covers 
itself with debris and distinguished by the gills; legs 
are provided with one terminal claw; collected only from 
Rajghat. 
75. Max fly 
On fine summer days the adults emerge from the 
water in large numbers and then during their nuptial 
flights. they are oaten extensively by fish, 
particularly trout; they have an extremely short adult 
life; there are three tails at the hind end and the 
tarsal part of each leg has only one joint ending in a 
single claw; collected from Dariyapur and Jagdishpur. 
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ORDER - HEMIPTERA 
76. Belostoma sp. 
It IB a benthic animal; body is elongated, 
covered with leathery exoskeleton. brownish in colour"; 
head is broad and bears small inconspicuous tour-
segmented antennae; mouth parts piercing and sucking 
type; thorax • broad and somewhat triangular; wings 
leathery. well developed; legs flat, short and 
raptorial; middle and hind logs are swimners; collected 
from all the sites (Fig. 14). 
77. Corixa sp. 
It is a strong swimmer and nektonic animal; 
occurs in muddy habitat on bottom; small and 
superficially resemble with notonectidao; forelegs 
consist one flat tarsal segment with bristles to sweep 
debris; collected from all the sites. 
78. Gerris sp. 
Neustonic in nature; commonly known as water 
skater; found in lar'ge numbers sliding along or- jumping 
on the surface of water; thin flattened body with 
re,latively very long legs; colour of the body is dark 
brown with two light orange lines on the buck; feed on 
dead bodies of insects which land on the water surface; 
collected from all the sites (Fig. 15). 
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79. Hvdrometra stagnoruia 
Neuatonic in habit; lives on the surface of 
the water, culled us water skater; it foods on smull 
insects such as flies and crustaceans; antennae are vtiry 
distinct arid composed of four joints; head is very 
curious because it is much elongated; it walks slowly 
about on the surface without apparently over entering 
the water; collected from all the sites except 
«?agdishpur. 
80. Metrocoris comoar 
It is neustonic form, body is oblong though 
widest behind the middle, dull black and opterous, 
intermediate, fibilidao and tarsi without the fringe; 
collected from Rajghat, MunshiganJ, Jagdishpur and 
Behta Khurd. 
81. Neoa robustus 
It is benthic form found in still water among 
aquatic plants; it feeds on insects or any animals of a 
suitable size; it is a dark brown flat bug resembling a 
dead leaf; moves very slowly; collected from all the 
sites (Fig. 13). 
82. Nymph of Nepa 
Benthic in nature; nymphs are found throughout 
the summer season and it seems to prefer to climb about 
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on floating vegetation; breathing tube short and the 
body in the earlier staqes hairy; collected trom all the 
sites. 
83. Notonecta sp. 
Neustonic torm, strong swjmmer, most ot the 
work being done hy the third pair of legs which have 
long, fringing hairs; body is triangular in cross 
section, being keeled along the back; if feeds on 
animals often much larger than it self, collected from 
all the sites. 
84. Plea leachi 
Nektonic animal; found m large numbers 
together among vegetation in still water. It is a small 
bug. of about 3 mm. long with a broad, somewhat 
flattened body; feeds on small crustaceans such as water 
fleas and cyclops; collected from all the sites except 
Jagdishpur*. 
85. Ranatra elonaata 
Nektonic in nature; commonly called as water-
stick insect; found among vegetations; body is long and 
thin with slender legs, the first pair is used in 
catching food such as insects, crustaceans and other 
small arthropods; collected from all the sites except 
Rajghat and Jagdishpur. 
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86. Perittopus rufus 
Bttnthic animal; it ia,ot light r&ddaali colour 
with a llttlo dark abdomen; ocelli not clear; basal 
jo^nt of antenna almost equal in lenqtli to the second 
and third .joint; collected from Lohanipar, Munshiganj 
and Jagdishp'ur. 
87. Velia caorai 
It is nektonic and benthic in nature. TJio body 
is stouter, dark brown with two orange lines down the 
back of the adult; the wingless form of the adult is the 
common type, but a winged form is also found; the female 
lays masses of long cylindrical eggs on floating 
vegetation; collected from Munshiganj, Dariyapur and 
Behta Khurd. 
ORDER - NEUROPTERA 
88. Sialis larvae 
Benthic animal; with stout brownish body and 
three pairs of legs on the thorax. Eacii abdominal 
segment possesses a pair of long, jointed procossov 
which look very much like legs; tracheal gills present; 
the abdomen - is prolonged into a tapering tail piece; 
carnivorous; collected from Dariyapur and Behta Khurd. 
09- SiallB sp. 
It has large, coarse wings with clear, black 
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veins and long, jointed antennae, it is not a strong 
tlier and is often tound resting on walls and plants 
near water; at rest the wings axe folded in u 
characteristic way torining u kind ot root across its 
back; collected from Rajghat. 
ORDER - COLEOPTERA 
90. Cyhister sp. 
Benthic uniniul; hody with hard covering and 
black, llie elytrae are shiny and smootli. The antennae 
are long and tilitorm. Tlie hind leg is flattened which 
IS adopted for swinuning; collected from Rajghut and 
Jagdishpur. 
91. Deronectes eleqans 
This IS benthic in nature, small brown and 
yellow beetle, carnivorous; the hind legs are flattened 
and are fringed with long swimming hairs, collected only 
from Munshiganj. 
.92. DrvoDB sp. 
Neustonic in nature, it is small. 4 -b mm. 
long, with hairy bodies; curious antennae present, the 
eggs are laid on plants out of water on the banks ot th« 
river; collected from all the sites except Jagdishpur 
and Behta Khurd. 
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93,. Drvops larvae 
Denthic form; larvde are aquatic; they have 
very short legs; lethargic in habit; the last segment is 
flattened with valve like structure ut the end; 
collected from Lohanipur- and Du/iyapur. 
94. Gvrinus sp. 
Neustonic form, small, shiny. blacX. oval body 
with yellow legs which congregate togethei- and swim 
round in circles on the surface of slow running water; 
they have short, clubbed antennae, eyes divided into two 
portions, and most curiously shaped second and third 
pairs ol legs; skating movements on the water- surface; 
abdomen extends beyond the wing covers; colleted from 
Lohanipur and Debta Khurd. 
95. GvrinuB larvae 
Benthic form; elongated body; each abdominal 
segment has a pair of tracheal gills; the last segment 
has two pairs of gills and also two pairs of recurved 
hooks; collected from Rajghat and Jagdishpur. 
96. Hydrobius larvae 
It IS benthic m nature; the larva is 
characterized by having four teeth on each of its large 
mandibles; there aro no lateral processes on t)jo 
abdomen; the last segment has a single pair- of side 
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appendages; collected from Rajghdt. Munshiganj and 
Dehta Khurd. 
ORDER - "ERICHOPTERA 
97. Caddis fly 
It is neustonic in nature. It is a moth like 
insect found flying near water; adults have very long 
many jointed antennae, a vestigial first pair of jaws, 
two pairs of elongated membranous wings, which are 
covered with hairs and the venation is not prominent on 
the first sight; held at rest so that they form a roof 
of the abdomen; body colour is dull; collected from 
Rajghat, Dariyapur and Behta Khurd. 
98. HydroPBVche larvae 
Benthic form; the larvae are ver7 active; it 
has long body with uniform width gradually tapering 
towards the hind end; there are gills on the abdomen in 
all except very young larvae, four anal gillu are 
present; anal appendages are very largo: live in silk 
nets on the undersides of stones; omnivorous and feed on 
diatoms, algae etc; collected from all the sites. 
ORDER - DIPTERA 
99. Chironomus larvae 
Benthic animal; larvae are colourless or pinX 
to blood red" in colour; antennae are short, five 
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segmented, and without distinct lauterborn organs; 
'dbdomen without bristles; paired pseudopoda on the anal 
and usually on the prothoracic segments; 0th abdominal 
segment with finger- like ventral gills; jerky swimming 
to the surface; collected from all the sites. 
100. Cor-ynoneura larvae 
Denthic form; the larvae are very small, 
fairly active, sometimes living in a loosely built tube 
made of debris; it has long jointed antennae and very 
slender body; the anterior false legs are fused at their* 
base and the posterior pair are very long; the second 
and third thoracic segments are fused together; 
collected from Rajghat and Dariyapur. 
101. Culex larvae 
Larvae of the culex is easily distinguished by 
fused thoracic segments which form broad thorax, lie 
rather inclined to water surface keeping the tip of 
respiratory tube in contact with air; collected from all 
the Bites. 
102. Eristalas sp. 
Benthic animal; commonly called rat-tailed 
larvae; dirty white colour,of body; skin thick and 
rough; head small, more or less retracted into thorax; 
thoracic and abdominal segments wrinkled transversely, 
not sharply demarcated; false legs short and blunt, on« 
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pair on the thorax and six pairs in the abdomen; thorax 
bears a short breathing trumpet; last segment forma the 
tail; tail long, three segmented and telescoped into one 
another; tip of the last segment has the spiracular 
opening surrounded by eight feathery hoirs; tracheal 
tube large visible through the sXin; collected from 
Rajghat, Dariyapur and Jagdishpur. 
103. Forcip(Mnvia larvae 
Benthic in nature; long narrow worm liXe body 
circular and is covered with hard skin, except the 
brownish head; no false leg in the body; spiracles two. 
found within the crown of stiff bristles in the last 
abdominal segment; collected from all the sites except 
Jagdishpur. 
104. Pavchoda sp. 
Benthic form; body more or less cylindrical, 
without sucker discs; intermediate body segments without 
spiracles; thoracic and abdominal segments secondly 
divided; at least terminal abdominal segments with 
sclerotized plates; dorsal plates usually less than 26; 
collected from Munshiganj, Dariyapur and Behta Khurd. 
<?LASS - ARACHNIDA 
105. tiyqrpfr^^?? sp. 
Benthic in nature; colour usually yellowiiih 
green or blue with dark markings on the back; body soft 
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skinned, oval in shape; first pair of epimera fused with 
t)ie capitulum; swiiraniny hairs absent on the legs but 
plenty of bristles are present; the plates on either 
side of the genital opening with three or more pairs of 
acetabula; collected from all the sites. 
106. Meggpus sp. 
Bonthjc animal; found among floating water 
weed, it is a very sluggish; small mite, round in 
outline or long oval; the first pair of legs as a rule 
longer than the second; the epimera fused together; 
genital area has three ucetabulu; collected only from 
Rajghat. 
PHYLUM - MOLLUSCA 
CLASS - GASTROPODA 
107. Girulus compressus 
Deiithic animal; shell compressed. rather 
broad, pale, smooth, dextral, narrowed above, broad 
below, somewhat keeled; spire depressed; aperture 
obliquely pyramidal, angular above; collected from all 
the sites except Lohanipur. 
108. Helix exual 
It is also a benthic animal; the foot in 
active and agile; collected fr*om all the sites except 
Jagdishpur (Fig. 19). 
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109. Lvmnea amygda1us 
Benthic an nature; shell thin, light yellow, 
oblong, dextral; spire vary short; sutuj:e w*ixy oblique, 
aperture elliptjcal; collected txom all the sites 
(Fig. 18). 
110. Melanoides tuberculatus 
Benthic animal, shell brown, solid, whorls 
spirally arranged, aperture subcircular. operculum 
subcircular. collected from all the sites (Fig. 16). 
111. Melanoides sp. 
Lenthic tor-m, with similar to Melanoides 
tuberculatus except with different types ot the 
elevation of spires; collected from all the sites. 
112. Vivioera benqalensis 
Denthic m nature; a shining pale green shell 
is banded and lineated throug)iout with dark green, 
sometimes turning to rusty-brown; whorls convex smooth, 
ver-y minutely decussately striated; foot moderate, not 
extending beyond the simple snout with broad aol^; 
umbilicus small; collected from'all the sites {I'lq. 17). 
lip. Vivioera crassa 
Benthic m nature, it varies in configuration; 
spire much shorter than in typical form, whorls more 
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globose; aperture less deflected; umbilicus less open; 
sculpture more distinctly malleated; collected from all 
the sites. 
114. Vivlpera sp. 
Denthic in nature; varies much in the 
elevation of spires; collected from all the sites except 
Jagdishpur. 
115. Planorbis exustua 
Denthic animal; shell is greenish brown; 
finely ridged; spire rather flattened; whorls three in 
number, the lost one is large; aperture ongularly 
raised, than depressed slope ; expanded below, rather 
produced, lower disc broadly concave; collected from all 
the sites. 
CLASS - LAMELLIBRANCHIA 
116. Anodonta sp. 
Benthic in nature; shell is thin with beaX 
sculpture, consisting of more.or less doubly looped 
parallel ridges; collected from all the sites (Fig. 20). 
117. Lamellidens marginalig 
Benthic form, shell is nacreous, equivalve, 
oval, anterior end rounded while posterior more or lesa 
pointed; umbo towards the anterior end. siphons short 
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and complete; collected from all the sites (f'ig. 21). 
II. VERTEBRATE FAUNA 
SITE WISE VARIATION 
The present study on Sou river water has shown 
that the river has a quite poor fish fauna. There were 
54 species of fishes belonging to 8 orders, 19 families 
and 35 genera. The family Clupeidae was represented hy 
only one genus Ilisha motiuB. collected from Lohanipur 
and Munshiganj. 
Family Engraulidae was presented by genus 
Set i pinna phi^ sa. collected from Munshigan j. 
Two species of family Notopteridae were 
collected and identified which included Notopterug 
notopterus. collected from Rajghat. Dariyapur and 
Jagdishpur and Notopterus chitala collected from 
Rajghat, Munshiganj, Jagdishpur and Dohta Khurd. 
Family Cyprinidae was represented by u large 
variety of fishes, out of which nineteen species could 
be identified. Aspidoparia roorar was collected from 
Lohanipur, Munshiganj and Behta Khurd. Chela atpay and 
Chela 1aubuca were collected in monsoon season from 
Rajghat and Dariyapur respectively. Cirrhinus mriaftld 
was collected from Lohanipur and Munshiganj while Danio 
devario was collected only from Lohanipur. Eaomug 
danricus was collected from Munshiganj, Dariyapur and 
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Dehtd Khurd. Labeo anara was collected from all tho 
sates except Dariyapur and Dehtu Khurd. Labeo b^tq was 
collected from Lohanipur and Munshiganj. Labeo booa and 
Labeo calbaau were collected from all the sjtes during 
different seasons. Labeo dero was collected from 
Lohanipur. Rajghat and Jagdishpur. While Labeo rohita 
was collected from Lohanipur and Nunshigan.]. 99t?ffl?rffilM 
cotio was observed only from Rajghat. Oxvoaater bacalltt 
was observed from Lohanipur, Rajghat and Dariyapur' while 
Puntius chola was recorded from Rajghat. Dariyapur and 
Behta Khurd. Puntiua chrvsopterus was found in summer 
season only at Rajghat and Jagdishpur. PuntiUB 
conchonius was collected from Rajghot and Jagdishpur 
while Puntius sarana was recorded from Rajghat and 
Jagdishpur. Puntius sophore was found from all the sites 
except Dariyapur and Jagdishpur. 
Two genera of family Gobitidae i.e., Botio 
dario was collected from Lohanipur and Munshiganj while 
Lepjdocepha1i chthvs auntea was collected only from 
Jagdishpur-. 
Family Siluridae was represented by two 
genera, Ompak bimaculatus. collected from Lohanipur. 
JRajghat and Munshiganj while Wallaoo attu was collected 
from all the sites. 
Six species of the family bagridae were 
represented and identified. Mystus bleekeri. Mvstus 
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cavasiua, Mystus tengara. Mystus vittatus. Mystua 
seenahala were collected from different sites wlule Rita 
rlta was collected from all the sites. 
Family - Sisoridae was represented by three 
genera such as Baaarius baqarius collected from 
Lohanipur and Munshiganj; Gaqata cenia collected from 
Lohanipur, Munshiganj and Behta Khurd while Hara hara 
was collected only from Munshiganj. 
Three genera of family Schilbeidae were 
represented and identified. Ailla coila was collected 
only from Lohanipur while Clupisoma qarua was collected 
from Rajghat. Dariyapur and Behta Khurd. PseudeutropiUB 
atherinoides was collected from Rajyhat and Jagdishpur. 
Among Gaccobranchidae. only one genera, 
Hateropneustes fossil is was collected only from 
Jagdishpur m monsoon season. 
Family Belomdao, Xenentodon canclla was 
collected from Rajghat and Behta Khurd only. 
Two species of Ophiocephalidae were 
represented and identified. These were Channa maruliua, 
collected from Lohanipur. Rajghat and Munshiganj while 
Channa stewartia was collected only from Lohanipur and 
Munshiganj. 
Family • Amphjpnoidae, only one species i.e. 
Amphipnous cuchla was collected only from Lohanipur. 
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Two species of Centropomidae, such as Chando 
baculis was collected from Duriyapur in monsoon suuson 
whale Chanda nama was collected only from Rajghat and 
it 
Oari/upur In the some season. 
Among - Nundidue, Badis badis was collected 
from Lohanipur and Munshiganj. 
Family - Anabantidue. Coliso fasciatus was 
collected from Rajghut. Daiiyapur and JJeiiLakhurd while 
Colisa laliuB was collected from Lohanipur and 
Munshiganj. 
Among - Gobioidae. GlosBooobiua qjyrjg was 
collected from Kajghat and Jagdishpur only. 
TTiree species of Mastacembelidae such as 
MacroonathuB aculeatus was collected from Lohanipur. 
Rajghat and Munshiganj while Mastacembelus arroatua was 
collected from all the sites. Mastacembelua pancalua was 
collected from Rajghat and Dariyapur. 
Only one species of Tetrodontidae. Tetradon 
cutcutia was collected from Lohanipur, Rajghut and 
Munshiganj. 
Class - Amphibia was represented by one 
species only i.e. Rana limnocharii. which was collected 
from all the sit^s. 
Two genera of class Reptilia such as Kachuoa 
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kachuga was collected from all the Sites while Trionvx 
ganoeticus was collected from Lohampur and Munshigunj. 
Class Aves was represented by some varieties 
of birds, out of which four order and ten species could 
be identified. Order-Ci com formes , four- genera such as 
Ardea purpurea manilensis was found present at Lohunipur 
and Behta Khurd while Ciconia ciconia was observed at 
Rajghat, Munahiganj and Jagdishpur. Ardea (>lba ro9d^attt 
was sfi^n at all the sites except Hujghat and Jagdishpur. 
Platalea leucorodia major was observed from Lolianipur 
and Rajghat only. 
Three species of Order Anseriformes, such as 
Anser ansey' rubriroetris was seen only at Lohampur 
while Tadorna ferruainea was observed at all the sites. 
Tadorna tadorna was found at all the sites except 
Dariyapur. 
Among FaIconiformes, two genera, Qyp^ 
benaalenais was collected from Rajghat and Munahiganj 
while MiI>Ai8 iniorans was collected from ail the sites. 
if 
One species of Order-Charadriiformes. Sterna 
aurantia was observed only from Munshiganj. 
SEASONAL VARIATIONS 
The vertebrate fauna of river Sai apparently 
sJiowed seasonal variations. An examuiation of the Table-
II revealed that the maximum number of fishes. 
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amphibians and roptilea were observed in the monsoon 
season while maximum birds were observed iii t)ie winter 
season and minimum were r'ecorded in the summer season. 
A short description on the above mentioned 
vertebrate fauna along with their places of occurance 
has been described below : 
FAMILY - CLUPEIDAE 
1. Ilisha motius 
Body elongated, compressed; abdomen serrated 
with 15-24 post pelvic and 7-12 pre pelvic scutes; head 
short, compressed; snout blunt; mouth upturned, cleft 
not reaching orbit; eyes large, lateral, with an adipose 
eyelid; colour silvery brown with some fmo black dots 
along the dorsal side; collected from Lohanipur- and 
Nunshigunj. 
FAMILY- ENGRAULIDAE 
2. ge^^pinpa sMS& 
Body elongated, compressed, tapering behind; 
abdomen serrated; head short, compressed; snout obtuse; 
mouth subinferior, cleft wide, extending beyond the 
posterior margin of eyes; eyes moderate, lateral, lower 
jaw shorter than upper; lipS thin, dorsal fin is 
slightly behind the anal fm and is much nearer the 
snout' than to the base of caudal fin, scales large and 
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deciduous; lateral line absent; silver white colour; 
collected only from Munshiganj. 
FAMILY - NOTOPTERIDAE 
3. NotoDterus chitala 
Body oblong, laterally compressed. dorsal 
profile ot the body is very convex but upper profile of 
the head is deeply concave, compressed; snout prominent; 
the maxilla is prolonged posteriorly beyond the orbit; 
lateral line more or less arclied; head and body scales 
are subequal; colour copper brown along the dorsal side 
with about 15 transverse silvery bars alternating with 
bluish over the back; collected from all the sites 
except Lohanipur and Dariyapur. 
4. Notopterus notopterua 
Body oblong, laterally, compressed; dorsal 
profile not so convex as that of abdomen; head 
compressed. preorbital serrated; snout obtuse and 
convex; the maxilla reaches below and upto the middle of 
the orbit; lateral line present and complete; cheok 
scales are comparatively longer than the body scales 
which are very small; colour silvery becoming greyish on 
back; collected from Rajghat, Dariyapur and Jagdishpur 
(Fig. 22). 
FAMILY - CYPRINIDAE 
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5. Aspidoparia roorar 
Body elorjgated. subcyl iridr icul , abdomen 
rounded diid shape is normal; head moderate, rounded 
anteriorly; snout obtuse; lateral line greatly decurved; 
generally body colour is light yellow, though the fins 
arp distinctly dark yellow; collected trom Lohanipur, 
Munshiganj and Behta Khurd. 
6. Chela atpar 
Body long, compressed: abdomen keeled but not 
serrated; head short, compressed; snout blunt, mouth 
oblique; barbels absent; lateral lane complete; body 
colour- silvery, with a blackish lateral band. collected 
from Hajghat and Duriyapur. 
7. Chela laubuca 
Body compressed; abdomen keeled trom below 
pelvic origin to anus; mouth oblique; lateral line 
curved downwards with 34-6B scales, barbels absent; 
colour silvery, with line black dots over the body; 
collected only from Duriyupur. 
0. Cirrhlnus mriqala 
Body moderately elongated and compressed; 
abdomen rounded; head short; barbels small, one pair, 
rostral only; lateral line complete and reaches upto the 
centre of the base of the caudal tin. colour* silver^y 
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dark grey along the back and whitish below; collected 
from Lohanipur and Munshigunj. 
9. Danio devario 
Body compressed. subcy1indrical; abdomen 
rounded; head moderate, blunt; snout obtuse, barbels 
absent; lateral line complete and concave; colour 
greenish above but dull white below; collected only from 
Lohanipur. 
10. Esomus danricus 
Body elongated, strongly compressed; abdomen 
rounded; head small, blunt; lateral line absent; colour 
pa^ le olive above, silvery below; collected from 
Munshiganj, Oariyapur and Behta Khurd. 
11. Labeo anara 
Body moderately elongated; abdomen rounded; 
dorsal profile more convex than that of abdomen; head 
fairly large, only one pair of barbels, maxillar-y 
present; lateral line complete; colour gr'ey dorsal ly, 
greyish golden lateraly and white along the abdomen; 
collected from all the sites except Dariyapur and 
Behta Khurd. 
12. Labeo bata 
Body elongated; abdomen rounded; dorsal 
profile more convex than ventral profile; barbels one 
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pair, WQvy short; lateral line complete; colour vary 
With the age ot the fish, generally silvery, darkest 
along the back; collected from Lohanipur and Munshiganj. 
13. Labeo boga 
Body elongated; abdomen rounded, head large; 
barbels only one pair but waxy minute; scales moderate 
in size, wedge shaped; lateral line complete; colour 
dark grey, abdomen white; collected Irom all the sites. 
14. Labeo calbasu 
Body moderately elongated. abdomen rounded; 
dorsal and ventral profiles about equally convex; head 
large, snout with pores; mouth narrow; barbels two 
pairs; scales large with numerous parallel striae; 
colour blackish with scarlet in the centre of tho 
scales; collected from all the sites. 
15. Labeo dero 
Body moderately elongated; abdomen rounded; 
dorsal profile more convex than ventral profile; head 
moderately large; barbels one pair; lateral line 
complete; dorsal surface brownish gettifjg silvery along 
the Side and belly, collected from Lohanipur. Rajghat 
and Jagdishpur. 
16. Labeo rohita 
Body moderately elongated; abdomen rounded; 
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dor'sal fjx'otile is more convex than Lhal of the abdomen, 
head fairly large, ariout obtuse, barbels one pair short 
and thin; scales large; colour- bluish black along the 
bacX, reddish black along the sides and silver-y 
beneath; collected fr'om Lohanipur' and Munshiganj. 
1y. Osteobrama cotio 
Body short, deep and compressed; abdomen 
rounded; head short; snout bluntly rounded; mouth small; 
barbels absent; lateral lino complete with scales; 
scales small, 24 predorsal rows of scales; colour 
silver-y. the back being coloured yel lowish-green with 
dull black dots; collected only from Rujghat. 
10. OxYoaster bacaila 
Body elongated and compressed; abdominal 
portion is keeled but not serrated, keeled por'tion of 
ventral profile commences opposite pectoral fin; head 
moderate, mouth directed fairly upwards; barbels absent; 
lateral line present and complete with a downward curved 
at the pectoral fin; scales small and thin; colour 
uniformoly silvery in fresh condition but if turning 
brown along the dorsal one third part of the body; 
collected from Lohanipur. Rajghat and Dariyapur. 
19. Puntius chola 
Body moderately elongated, deep. compressed; 
abdomen rounded; dorsal profile mor-e convex than ventral 
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pjrolile; head short; snout obtuse; barbels one pair; 
rnouth anterior, arched, not protrusible; Ijps thin; 
scales moderate in size; colour- silvery; collected from 
Hujghdt, Uariyapur and Behta Khurd. 
20. Puntius chrvsopterus 
Body elongated, compressed laterally; abdomen 
rounded; dorsal protile much more convex than that of 
the abdomen; head short; barbels absent; lateral Imo 
complete; colour- dull silvery, being dar-kest along the 
back; collected from Kajghat and Jagdishpur. 
21. Puntius conchonius 
Body moderately elongated, deep, compressed; 
profiles elevated; abdomen rounded; head shor-t; mou^ th 
arched anterior, not protrusiblo; barbel absent; lateral 
line incomplete; colour greenish grey dorsally and 
silver-y towards sides; collected from liajghut, Dariyupur 
and Jagdishpur. 
22. Puntius sarana 
Body elongated, abdomen rounded; dorsal 
prolile more elevated than ventral profile; head short, 
snout obtuse; pores on the snout absent; barbels two 
pairs.; lateral line complete; colour- silver-y; dorsal 
side black which gets fainter on the sides and silver7 
white on the abdomen; collected from Rajghat and 
Dariyapur. 
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23. PuntiuB sophore 
Body moderately elongated, deep, compressed, 
abdomen rounded, dorsal proiale is more convex than the 
ventral profile, head short, snout obtuse, not over 
hanging the jaws; mouth arched and anterior-, barbels 
absent; lateral lino present and complete, colour 
silvery with dorsum darker, collected from Lohanipur, 
Rajghat, Munshiganj and Dehta Khurd. 
FAMILY - GOBITIDAE 
24. Botla dario 
Body oblong, short, moderately deep; abdomen 
rounded; doisal prolile being more or- less elevated; 
head long and pointed. snout conical, ventrally 
flattened, mouth small, subinferior-. narrow, barbels 
four pairs; lateral line present and complete, scales 
indistinct, but on head completely absent, colour 
yellow; collected from Lohunipur and Munshigunj. 
25., Lepidocephal ichthys guntea 
Body elongated and moderate 1/ compressed; 
abdomen rounded, head short, conical, snout blunt; mouth 
infer-ior. n<xftow. slightly arched, barbels two pairs 
rostral, one pair maxillary, lateral line absent; scales 
small; colour generally dirty yellowish green; collected 
only from Jagdishpur. 
FAMILY - SILURIDAE 
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26. OiDPaX bimaculatus 
Body elongated, compressed; ubdonieii rounded; 
head small, broad depressed; snout bluntly bounded, 
depressed; barbels two pairs, maxillary one pair. tho 
mandibular' pair reach the hinder- edge of the orbit; 
lateral line complete and simple; colour silvery but 
Vtiriea. with the habitat; collected from Lohanipur, 
Hajghat and Munshiganj. 
27. Wallago attu 
Body elongated, compressed, abdomen rounded; 
dorsal profile nearly straight; head large, depressed; 
snout spatulate, somewhat protruded; barbels two paars; 
lateral line complete well marked and simple; colour 
generally white with greyish yellow; collected from all 
the sites. 
FAMILY - BAGRIDAE 
2Q. Mv8tu8 bleekeri 
Body moderately elongated, compressed and 
abdomen rounded; head moderate in size and compressed, 
snout somewhat obtuse; lateral line present, complete 
and simple colour brownish grey with two light 
longitudinal bands above and below the lateral line: 
collected from Lohanipur, Rajghat, Munshiganj, Dariyapur 
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and Behttt Khurd (Tig. 24). 
29. ffystug cavaslus 
Body moderately elongated and compressed: 
abdomen is rounded; head of moderate size, compressed, 
snout obtuse; mouth ter-minal. transverse, moderately 
wide; barbels four pairs; lateral line complete and 
simple; colour greenish brown dorsally and dull white 
ventrally; collected only from Dariyapur. 
30. MvstuB tenaara 
Body moderately elongated; compressed, abdomen 
rounded; head moderate in size, compressed; snout 
rounded; mouth terxainal transverse, moderately wide; 
barbels four pairs; lateral line complete and simple; 
colour brilliant yellow with a blacX shoulder spot and 
five black longitudinal bands; collected from all the 
sites. 
31. Mvatus vittatus 
Body moderately elongated, compressed; abdomen 
rounded; dorsal and ventral profiles almost straight 
head of moderate size, compressed; snout rounded 
barbels four pairs; lateral line simple and complete 
colour golden with dark bluish spots; collected from 
Lohanipur, Munshiganj and Jagdishpur. 
32. Mvstus seenahala 
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Body moderately elongated, compressed, abdomen 
rounded, head ot moderate size, depressed and xa 
ventrally flattened, snout spatulate, harbela lour 
pairs, lateral line complete; colour generally brownish 
along the back and silvery white along the sides; 
collected only trom Lohanipur. 
33. Rita rita 
Body elongated and compressed; abdomen 
rounded; head large, depressed, snout obtuse; barbels 
three pairs, one pair each ot maxillary, nasal and 
mandibular; lateral line complete and well developed 
scutes aloncj anterior quarters, rather uniformly 
distinguishable; colour grey or brown becoming lighter 
along the sides and abdomen, collected from all the 
sites (Fig. 23). 
FAMILY - SISORIDAE 
34. Baaaraus baoariuB 
Body and abdomen elongated, flattened upto 
ventrals; head large; barbels four pairs; lateral line 
present, complete and simple; colour greyish yellow, 
with large black markings and cross bands in the region 
of rayed dorsal collected from Lohanipur and Nunshigunj. 
35. Gaaata cenia 
Body short, compressed; abdomen rounded; head 
short; cumpreBsed und narrow; snout Bomvwhat 
compresBod and overhangs the mout?ii barbels tour pairtf; 
lateral line complete; may be with poi:es in anterior 
halt; colour yeJlowush, bronze becoming Silvery along 
the abdomen; collected from Lohanipur, MunshiganJ and 
Behta Khurd. 
36. Hara hara 
Body moderately elongated, compressed; abdomen 
flSit, head small, conical, not covered with skin, snout 
obtusely sharp, eyes very small; barbels four pairs; 
colour dirty yellowish brown, banded and blotched with 
blacX; collected only from Munshiganj. 
FAMILY - SCHILBEIDAE 
37. Ailia coila 
Body elongated, strongly compressed; abdomen 
rounded; head short, greatly compressed; mouth terminal, 
crescentic. moderately wide; barbels tour pairs; lateral 
line complete and simple; coloui* silvery; collected only 
from Lohanipur. 
38. ClupisCTna qarua 
Body elongated, compressed, almost herring 
shaped; whole of abdominal edge with the part between 
pelvic fins and vent Xeeled; head moderate size, oval, 
blunt; snout rounded; barbels four pairs; lateral lin« 
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present, complete and simple; colour greyish along thw 
bacX and silvery along the sides and abdomen; collected 
from Rajghat, Dariyapur and Behta Khurd. 
39. Pseudeutropius atherinoides 
Body elongated, compressed,herring shaped; 
part ot abdomen more or less keeled; head short, 
compressed; snout sharp, conical, barbels four* pairv; 
lateral lino complete and simple; colour silvery; 
collected from Ha.jghat and Jagdishpur. 
40. Heteropneustea fossi1 is 
Body elongated, compressed; abdomen rounded; 
head moderate sized, greatly depressed; snout /Iat; 
mouth terminal, transverse, narrow; barbels four pairtf; 
lateral line complete and simple; colour dark lead«n 
brown; collected only from Jagdishpur. 
FAMILY - BELONIDAE 
41. Xenentodon cancila 
Body elongated, subcylindrical and compreasod; 
abdomen rounded with compressed tail; head pointed; 
snout sharply pointed; scales small and irregularly 
arranged; lateral line present on posterior half of the 
body, without a Xeol; the dorsal surface is greorjiah-
grey while abdomen is whitish colour; observed at 
Rajghat and Behta Khurd. 
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42. Channa inaru 11 us 
Body elongated, subcylindrical anteriorly; 
abdomen rounded; head depressed with plate lilce sea lev; 
snout somewhat obtuse; lateral line complete runs 
straight upto 17th scales; scales aia of moderate size 
on the liead; dorsum of the body dark green; collected 
from Lohanipur, Rajghat and Munshiganj. 
43. Channa Stewartii 
Body elongated, subcylindrical anteriorly, 
abdomen rounded; head depressed with plate like sealea; 
barbels absent; lateral line complete and straight; 
scales plate like; colour purplish black superiorly, 
becoming lighter on the sides and beneath; recorded at 
Lohanipur and Munshiganj. 
FAMILY - AMPHIPNOIDAE 
44. Aaphiphous cuchia 
Body eel-shaped, with a tapering tail which is 
flattened laterally; scales small but distinct and„ are 
longitudinally arranged; colour dark brown above with 
numerous black spots; collected from Lohanipur. 
FAMILY - CENTROPOMIDAE 
4i5. Chanda baculis 
Body short, deep, compressed; abdomen rounded; 
head short, compressed; lateral line absent; scales are 
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deciduous, colour ol the body is yellowis}! olave witli a 
distinct golden spot at the occiput and black ulong t))0 
top of tlie iirst dorsal, second dorsal and anal also 
tipped with blacX; collected only trom Dariyapur, 
46. Chanda nama 
Body short, deep, compressed and abdomen 
rounded; dorsal and ventral profiles equal with a 
depression m the orbital region; head short, 
compressed, snout sharp; scales minute and deciduous; 
colour whitish yellow with blacX dots all over the body; 
observed at Rajghat and Dariyapur. 
FAMILY - NANDIDAE 
47. Badis badis 
Body moderately elongated, oval and the sides 
are compressed; abdomen rounded; head large, compressed, 
snout bluntly rounded; lateral line present but 
interrupted at 27th scale and below the posterior 
extremity of the dorsal fin; scales ctenoid, of moderate 
size and extended over the body; colour brownish black; 
collected from Lohanipur and Nunshiganj. 
FAMILY - ANABANTIDAE 
48. Colisa fasciatus 
Body elevated, compressed, dorsal profile more 
convex than the ventral profile, head moderate in size 
200 
<sn<i compressed. snouL blunt; lateral line interrupted 
between 15th to 17th scale; ctenoid scales, colour-
greenish blue above, dirty wtiite below with bluish black 
spot on the gill cover; recorded at Rajghat. Duriyapur 
and Jagdishpur. 
49. Colisa lalauB 
Body elevated. compressed; head also 
co/npressed; snout blunt; scales covering the soft dorsal 
and ver^ densely the soft portion of the anal, they form 
a high sheath to the anal spines vertical bands with 
scarlet present, observed at Lohanipur and Munshiganj. 
FAMILY - GOBIOIDAE 
t)0. Glossoaobius giuris 
Body elongated, anteriorly cylindrical and 
posteriorly compressed; abdomen rounded; head depressed, 
pointed; snout pointed; lateral line simple and complet* 
with 28 to 36 scales; anterior scales are cycloid but 
the posterior scales are ctenoid; colour of the body is 
generally cream with light blacX markings on the head; 
recorded at Kajghat and Jagdishpur. 
FAMILY - MASTACEMBELIDAE 
51. Macrocmathus aculeatus 
Body elongated, eel-like, compressed; head 
long. pointed; snout long. fleshy with a trilobed 
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extremity and a concave, striated lower- surface; giU 
raXers absent; lateral line simple; colour brovmish or 
greenish-yellow above and yellowish below; collected 
from Lohanipur, Rajghat and Munshiganj. 
52. Mastacembe1us armatus 
Body fairly elongated, eel-like, compressed; 
head long and pointed; snout long, conical trilobed at 
its anterior extremity; scales widry minute with 20 to 30 
rows; lateral line simple; colour rich brown becoming 
lighter on the abdomen; collected from all the sites. 
53. Mastacembe1us oancalua 
Body cylindrical, elongated, eel-like and 
compressed; head long pointed; snout long conical 
without any transverse striation on the under surface; 
lateral line simple; scales minute, cycloid; colour 
greenish olive along back; collected from Hajghat and 
Dariyapur {I'''ig. 25). 
FAMILY - TETRODONTIDAE 
54. Tetraodon cutcutia 
Body more or less short with a broad back or 
compressed into a ridge; head oval shaped, snout blunt; 
abdomen rounded; spines and scales entirely absent; 
lateral line absent; upper surface greenish-black with 
light bars extending from dorsal to lateral side; 
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obsex-ved at Lohanipur. Ra jghat and Munshiganj. 
CLASS - AMPHIBIA 
ORDER - SALIENTIA 
55. Rana limnocharii 
Body long und slender: wuist somewhat 
narrower; skin usually mud coloured, moist and smooth, 
coWocteti irom a\\ Vii^ aito». 
CLASS - REPTILIA 
ORDER - CHELONIA 
56. Kachuaa Xachuoa 
Plastron united to carapace by sutures; third 
vertebral shield forming a Jsroad, suture with the fourth; 
colour of the shell is brownish above and yellowish 
below; collected from all the sites. 
57. Trionvx qanqeticus 
Bight neural and eight dorsal plates present; 
last two dorsal plates axe in contact with each other; 
skull convex above; collected only from Lohanipur and 
Munshigan j. 
CLASS - AVES 
ORDER - CICONIIFORMES 
58. Ar4^a purpurea manil^naig 
Colour- purplish blue or purplish slaty; 
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blockish on wing and lail, crown and crest slaty black, 
rest ot head and long thin neck ferruginous boldly 
striped with black, chin and throat ventrally white; 
long drooping plumes on upper breast white with black 
and chestnut streaks. Rest ot underparts slaty black and 
rich chestnut, under wing chiefly ferruginous; sexes 
alike; female with crest and pectoral plumes leas 
developed. Largely crepuscular, solitary; thin neck and 
bill upstretched; observed from Lohanipur and 
Behta Klmrd. 
!J9. Ciconia ciconia 
A long legged, long-necked, egret-like bird, 
all white except fox* the longer scapulars and wing 
quills which are black; legs and heavy pointed bill r^d; 
feathers of head, neck atid breast long and lanceolate; 
sexes alike; recorded at Rajghat. Munshiganj and 
Jagdishpur. 
60. Ardea alj^ roodesta 
Size variable and deceptive, thus in non-
breeding plumage confusion between some individuals and 
the smaller egret easily possible; sexes alike; usually 
solitary; light with rather slow deliberate Happing of 
the broad wings, nock telescoped, head pulled in between 
the. shoulders, legs trailing behind, observed at all the 
sjtes except Rajghat and Jagdishpur. 
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61. Platalea leucorodia maior 
A long-legged, long necJted, snow white matah 
bird with Q distinctive long, flat, black and yellow 
spatula shaped bill; a cinnamon yellow patch at base of 
foreneck, nuked yellow throat, and long bare, black 
legs; sexes alike; recorded at Lohanipur and Rajghat. 
ORDER - ANSERIFORMES 
62. Anaer anser rubrirostris 
yery like the normal ashy brown phase of the 
domestic goose; pale rump, white upper tail - coverts and 
white nail to pink bill diagnostic; in flight the 
comparatively pule head, and pule grey leading-odge of 
the wing next the body; sexes alike; recorded only at 
Lohan i pur. 
63. Tadorna ferruainea 
A large orange-brown duck witJi paler head and 
neck, a prominent metallic green speculum on wing with a 
white patch in front of it, and black wings and tail; in 
overhead flight orange brown body, white underside of 
wings and black quills diugnostic; noticed ut all the 
sites. 
64. Tadorna tadorna 
A handsome strikingly coloured duck, chiefly 
white, black and chestnut, with a distinctive bright red 
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upturned bill utid pink legs; head and neck dull 
blackish; interscapulars dark brown; observed at all tho 
sites except Dariyapur. 
ORDER - FALCONIFORMES 
65. Gyps bengalensa8 
Heavy brownish black with naked scrawriy neck 
and head sunk into the shoulders while bird at teati 
whitish rutf of sott feathers round base of neck, broken 
in front by a black croppatch; sexes alike; recorded 
only at Rajghat and Nunshiganj. 
66. Milvus migrans 
A large dark fulvous brown hawk; bill 
comparatively weak; culmen slightly curved at base, 
sharply rounded but distinct; wing long and pointed, 
reaching almost to the tip of tail; deeply forked tail, 
particularly conspicuous in flight; sexes alike; 
collected from all the sites. 
ORDER - CHARADRIIFORMES 
67. Sterna aurantia 
A slender, graceful fluviatile bird, pale grey 
above white below, with long narrow pointed wingii, 
deeply forked ^swallow' tail, ver^ short red legs and 
pointed deep yellow bill; collected only trom 
Munshiganj. 
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DISCUSSION 
TTio fauna of a riverine ecosystem has bee'n 
regarded as the indicators of the healtJ) of the 
ecosystem. It iS probably for this reason that a large 
number of studies on the faunistic survey of some 
important Indian rivers have been undertaken during the 
last few years. Important contributions include those of 
Bilgrami and Datta Munshi(1985). Laal et.al.(1986). 
Bi;srraml(1991}, Sinha(1988 and 1991) and Srivastava 
(1991 and 1993) on Ganga; Sompath at-ai-(1979) on • 
Cauvery; Bhatt at.ai.(1984) on river Kosi; Mhatro 
fiJt-fiJL-(1580) <^^ river Kalu. 
It is for the first time that the faunistic 
survey of river Sai between Lohanipur (Rae Baroli) and 
Behta Khurd (Rae Bareli) has been studied which clearly 
indicates that the river Sai is ver^ * rich so far as itH 
faunistic population despite the fact that the river is 
threatened with pollution. It may be concluded from the 
present.studies carried out in this stretch of the river 
that the presence or absence of fauna was directly 
related with the ph/slco-chemical characteristics of the 
river water. 
A 'A«»riety of a large number of bacteria eating 
protozoans recorded during the course of study, showed 
-that Bodo s>p... Colpidium sp. , Euolena sp., Paramecium 
sp., Prorodon sp. and Vorticella sp. were present at 
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all the Bites. 'ITiis might be due the lact that these 
.animals were able to tolerate the high concentrationa of 
the some of the parameters present in water. The 
presence of Actinophrvs sp., Ceratium sp., Clathrulina 
sp., Didlnlum sp. , Euglvpha BO. . ^Vir9§%<mm •?>» 
Stentor sp. , gtytPHPn?^ sp. and T^ t^ rffhYHWRft •?• 
indicated the polluted condition of river water and they 
could be used as the bioindicutors of raw water quality 
(Srivastava, 1991 and 1993). Verma and 6harma(1987) have 
reported Paramecium caudatum as a bioindicutor of the 
pollution level of aquatic system and BicJ((1972) 
reported that it might be eurypotent to the ffialn 
ecological factors and might be conxnon and abundant 
iniiabitats rich in organic matter affected by bacterial 
decomposition. Laal e^ .^ l.. (1986) stated that the 
presence of Arcella sp. and Diffluoaa sp.indicated the 
infestation of river Ganga with allochthonus muttex* 
during flood. 
Rotifers can tolerate low oxygen level in 
river water. Some pollution indicator species of 
rotifers have been also collected during the course of 
these studies.' Tlie presence of Ascomorpha sp ., Cathvpna 
sp.. Colurus sp., Epjphanes sp.. Notholea sp.. Rotarla 
viviperaand Rotifer neptunis at discharging sites' and 
organically rich sites showed that rotifers existed in 
harder waters with high alkalinity in great variety and 
number and they could tolerate low oxygen content. 
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Similar- observations have been found to be in agreement 
With those otSrivastava(1991). Anuraeopsis sp., 
Asplanchna sp.. Brachionus sp, Filinla lonaiseta and 
Keratella sp. were collected from both the heavy 
polluted to moderately polluted sites supports the 
tjndjngs ot Sinha(1991) and Srivastava{1991 and 1993). 
According to Sampath et.aj.. (1979) the rotifers 
mostly occur in polluted waters and therefore might be 
used as bioindicators, has also been confirmed in tlie 
present studies. Diossary data of Casalderry et.al. 
(1992) demonstrated that Brachionus calciflorus was 
comparatively more resistant than other- aquatic 
invertebrates and fishes. 
According to Sriva3tava(1993), tt>e presence of 
rotifers at all the sites, indicated the polluted nature 
of water and the absence of rotifers could be correlated 
to reduce pollution level. The present studies supported 
the above mentioned observations. Maximum number of 
rotifers were reported during winter and summers which 
was in agreement with the findings of Mathew(1977), 
Datta(1991). Sinha(1991) and Srivaetava(1991. 1993). 
Among annelids Chaetoqaster sp., Dero sp., 
Glossophonia sp. and Nals sp. were recorded from 
organically rich sites and could tolerate the heavy 
pollution (Srivastava, 1993). 'Hie presence of a largo 
number of Tub if ex sp.at Kajghat, Danyapur, Jagdishpur 
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and Behtd Khurd showed that they could remain above in 
low oxygen and might be used as the best indicators ot 
pollution. 'ITiese obser'vations have been lound to be m 
agreement with those ot Sinha(1991) and 
Srivastava(1991). Hynes{1960) pointed out that Tubifex 
remained in organically polluted water- and was well 
tolerant ot organic pollution. Mac Murty et.al.(1983) 
repor'ted the tubificidae preference to be correlated to 
the bacterial abundance m the sediment. According to 
Barnett (1983) Tubifex benedeni was capable ot surviving 
even in the anoxic conditions wluch was one of the major' 
characteristic ot polluted sediments. Khangarat(1991) 
reported that t)ie tubificid worms were useful indicator's 
ot varying degree ot aguatic pollution. 
Phylum arthropoda was represented by a large 
varieties ot crustaceans and insects. Khare et.al.(1979) 
stated that the crustaceans were sensitive to pollution 
and its concentration was changed with the change in the 
degree of pollution. The predominance of cyclopods, 
copepods and cladocerans indicated the organic pollution 
between the searching stretch of river Sai from 
Lohanipur to Uehta Khurd. Those observations have beon 
found to be in agreement with those of Anthony 
jLt.ai. (1979). Sinha(1991)andSrivastava (1991, 1993). 
Crustacean -of this str'etch did not show any mar kod 
variations. A number ot species ot crustaceans such as 
Cypr-JB sp., JDaphnia sp., Diaptomus sp. , Macrothria^ roaea 
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and Moina sp. were mostly absont at those Sites whore 
eltluent discharge tooJc place, 'i'lms these might be 
considered as iiidicatora ot comparutivoly rjori polluted 
water. Sharan(1986) and Srivaatava(1991) regarded thoin 
to be indicators of fresli (pure) water. The presence of 
Paratelphuaa sp. ut Dariyapur and Jugdishpur between the 
stones revealed tliat they prefered such areas where 
disturbances had taXen place due to industrial wastes. 
During tJie study it was recorded that the 
population of crustaceans increased from September to 
June as well as in the month of December also. Ray and 
David (1966) recorded a large number of copepods along 
with their nuupliae and cladocerans in January and 
February, when intensity of pollution was moderate. 
Nymphs of damsel flies were recorded in 
winters and dragon flies in all seasons ut all the 
sites. During the course of the present studies u large 
c 
number of dead nymphs of damsel fly and Per3a bipunctat^ 
were collected at the sites having higher values of BOD, 
COD, turbidity and solids. These findings indicate that 
nymphs are w^ry sensitive and can not tolerate the 
pollution in water. Belostoma sp., Corixa sp., Gerris 
sp., Nepa robustus and Notonecta sp. were collected from 
all. the sites (thoi^ gh their numbers were low at the 
effluent discharge sites) indicating that they can 
tolerate certain level of pollution. The present studies 
supported the findings ofBilgrami and Datta 
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MunshiC 1985)who had suggested in their studies tJiut 
Corlxa 3p.acted as a Gcavanger and thus reduced the load 
of pollution. Hvdrometra Btaanorum. Metrocoris ££!mca£. 
Plea leachi. Ranatra elonaata, PerjttQpvig iMLiB. und 
Vella qaorai could tolerate the low oxygen stress of 
pollution. Selvanayagam si.aj.. (1988) suggested . the 
aquatic hemipterans aa one of the bioindicators of wat«»r 
pollution and could be used as a tool for monitoring the 
pollution level of the aquatic systenuj. l"hey also 
reported these to be comparatively more pollution 
sensitive hemipterans that the fishes and invertebrates. 
Among trichoptera such as HvdroDsvcha larva* 
.were collected from Rajghat, Munshiganj and JagdiHhpur 
in large numbers probably because these sites were used 
as creoiatiori sites and discharged of sewage wastes and 
industrial effluents tooX place. Srivastava (1991 and 
1993) recorded the higher concentration of HydroDBVcha 
larvae at cremation sites and profounded that thi« 
species was the best example of pollution indicator. 
However. Rhodes (1982) stated their high population In 
lotic habitat at the sites where the effluent of pap«r 
mill industries was discharged. The present studios 
supported the above mentioned observations. Higler and 
To 1camp(1983) have reported HvdroDsvche sp. as 
bioindicat1Kr~of pollution. 
HVdroDsvche larvae and Chironomus sp. were. 
observed to be in excess numbers at Rajghat, MunshiganJ, 
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Dariyapur. Jagdislipur and Behta Khurd. Presence of 
Eristalis sp. also indicated pollution at Kujqhat, 
Dariyapur and Jagdishpur, Arora(1961) and Klein(1962) 
pointed out that Eristalis sp. and Tubifex sp. occured 
at strong sewage pollution sites and in anoxic 
water.Krishnamoorthi and Sarkar(1979) reported thot 
Eristalis tenax was pollution tolerating animal. 
Sreenivasan et .ai.. (1977) while studying pollution ot 
river cauvery by pulp and paper mill effluent noted the 
presence of sluge worm, Tubifex sp. and red blood worm. 
Chironomus Sp., at the outfall zone. 
ChlronCTnus larvae and Tubifex sp. have been 
reported to survive under vexy low oxygen tension, lliese 
invertebrates have a forra of haemoglobin in their blood 
which permits them to function efficiently at lower* 
oxygen levels (Hart and Fuller. 1979). According to 
Nahadevan and Krl8hnaswamy(1984) the chironomid 
population at the sampling sites was found to be 
directly proportional to the pollutional status of the 
site and could thus be used as a direct indicator of 
pollution at various levels. Sinha(1991) ^and 
Sriva8tava(1991 and 1993) reported that the Chironomus 
larvae and Tubifex sp. have been survived under very low 
oxygen tension. While Reddy and Rao(1987) concluded that 
higher popirrsiion of Chironomid larvae might indicttt* 
the presence of lower organic matter. 
In view of the above observations it might be 
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concluded that the dominance of Tubifex sp., 
HydropsYChe larvae, Charonomus larvae and Eri^t^lle 
sp. confirmed the pollution of the sites. 
Presence of large number of molluscs at right 
bank of Hajyhat and at the both banks of MunsluyanJ 
suggested that these sites were rich in organic 
pollution. Higher concentration of lamellibranchiun* 
were observed at cremation sites, because these genera 
were reported feeding on dead organic mutters. Jiigh 
load of organic pollution at these sites could probubl/ 
be due to the practice of throwing half burnt and 
unburnt dead bodies into the river Sai. Our Imdings 
confirmed the observations made by Bilgrami and Datta 
Nun8hi(1985), Sinha(1991) and Sriva8tava(1991 and 
1993). Molluscs were rarely found at Jagdishpur and 
Dariyapur*, indicated that the molluscs were mortt 
sensitive to the industrial discharge as reported by 
Patil fit.ai.(1983). 
Our" studies also revealed that the number of 
invertebrate fauna increased during winters and summers 
and decreased during rainy season. The increase in 
winter and summer might be attributed to the favourable 
temperature and low flow of water for their breeding 
while the decrease in animal population in monsoon 
season might be due to the fast currents and largo 
volume of water. 
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Ttiie lisli Iduiia is an important aspect of tivor 
water body. The study on Sui river hus shown that the 
river has a quite poor fish fauna. 
In all ^4 species of fishes belonging to 35 
genera, 19 families and 8 orders have been recorded from 
the river Sai. 
"Hie maximum population recorded was of 
c/prinidae fisheti. The fish population depends upon the 
limnological conditions of water. The increase in 
industrialization on the river Sai belt has adversely 
affected the fish population due to the unfavourable 
abiotic conditions. The frequent and abundant species in 
the whole stretch were Notopterus notopterus. Ch9|a 
atpar. Chela laubuca. Osteobrama cotio, Puntiyis 
conchonius. Puntius crvaopterus. Puntius aaranp. 
LepidocephalichthvB flUQlfifi. Pg^M4^M^r9P;yp At^MrJn9;4ffg> 
HetTOPneustes foBsiUs. y6n?nt<;>49n £SIl£il£. CHian^ a 
l2££Uli£. CJlftn^ ff nama and Q]QSffQqo)fiu§ q4yr4g. indicating 
that these fishes were able to tolerate certain level of 
pollution. Maatacem>>«^ ^ v« pancalus has been suggested as 
pollution indicator species. (Hishra and Saksena. 1992). 
The present atudy ehowed that Lohanipar and 
Munshiganj were comparatively rich sites us for as the 
fish fauna wer-^~concernod.Agrawal and Saksena(1977)have 
reported the fauna of Gwalior district based on the 
fishes resTCtrod- in local fish market. They have 
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identified 48 species of fishes and have noted 
qualitative abundance ot Cyprinitonnes. Banerjea and 
Notwani(19d0} have found 55 species of fishes in Suvaon 
stream with an abundance of fishes belonging to 
Cypriniformes. In clear water areas 45 species were 
observed while in polluted areas the major carps w«r« 
totally absent but on abundance of Qphiocephajuflt sp. and 
Wall ago attu. In the sur-vey of Kali river conducted by 
Gaorge £^.^.(1966), it was observed that carps namely 
Labeo rohita. L^ a^iJifiaU' k:. 4?r9> Cat la £aJJLA> 
Cirrhinus mrioala and Puntius sarana and Cattishos, 
namely, Wallaao attu. Eutropiichthvs vacha. Rita rito. 
Baaarius baaarius. Mystue seenahala and Mvstus aor were 
most commonly distributed. Qphiocaphft^yB. 
Heteropneuates. Clarias and Notooterus were least 
affected by pollution in this river. In Ganga river at 
Kanpur 45 species of fishes wore collected (Ray and 
David. 1966). TWa most frequent species occurrlnjj 
throughout the stretch were Aspidoparia fflSiaJCfol lowed by 
oxvaaater sp. A few species such as gA^ Mff^ ft cascaaia and 
p^ ^^ y^ H^ p^ihaiuB <!^ rmatue wore found to thrive in oxygen 
deficient polluted areas. In Kalinadi. near Nansurpur, 
44 species of fishes were identified (Verma and Dalala. 
1975). It was. however, maintained that some fishtil 
including Wallaao attu. Clarias batrachus. Saccobranchua 
fossil is. Qphiocephalus striatus and 0^ . punctatua 
generally occurred in good number in polluted areas and 
seems, to be more tolerant than other forms while other 
216 
tishes such as Gadusia chapra. Garra ootyla and Bariljg 
barna were sensitive to pollution. In Jhelurn river 21 
. species of indigenous species and b species of exotic 
tishes were collected. The fauna of this xi^or is 
definitely of palearctic nature (Vass fii.aj.,1977). In 
Jamuna iivat , Prakash afe.jai. (1978) have collected 95 
species of fishes with abundance of cyprinoid fishes. 
TTiey have noted that Notopterus. Puntius. Cat la and 
Labeo occurred throuqh out the year and Clariag 
batrachuB and Lepldoceohalichthvs ountea were rarely 
noted, llie .effect of pollution might be the main 
responsible parameter for decline m carps and increase 
in catfishes supported by Laal et.al.(1986). 
Sharan(1986) has also reported the increase in 
population of cat fishes which might be due to the 
increased level of organic detritus loud in the rs^vx 
ecosystem. Srivastava et .aj.-(1986) . while studying of 46 
varieties of fishes belonging to different families such 
as Cyprmidae. Notopter idae, Dagndae and 
Mastacembelidae were found dominating in river' Ganga 
from Kalakankar to Shuklaganj. Notopeterus sp.. 
nHt«n^ y?in»y cotJo. Labeo sp. , Mvatus sp. and 
Mastacembftiiiw sp. were observed to be of common 
occurrence. 
—STirgh and Singh(1988) reported that the fiBh 
fauna was poor and dominated by the uneconomic 
var iotiafir^ '^ Btrch as Glossoqobius qiuris. Necnacheilyf 
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botia. Channa gachua. Ostaobrama cotio. Puntiua sophor^. 
Punt 1 us tjcto. AppJP)vnharvnaodon inicrolepiB and Chela 
atpar ot river Subarnurokha. 
Bil9raml(1991) studied the upper stretch ot 
river Ganga in which he had reported the most coromon 
fishes wore Schizothorax plaaiostorous. g. richardsonii. 
Tor Dutltora. T. tor. Crossochellus latlus. Garra 
aotvla. Labeo dvocheilus. Xenentodon cancila. Mystug 
cavasius. Wallago attu and Notopterus sp., Mishra and 
Saksena(1992} reported that the Mastacembelus annatfUf 
**"<! Puntius sarana were sensitive to pollutiorj. Labeo 
gonluB. Puntius chola. P. sophore. P. conchoniu^. 
Oxygaster bacaila, Esomus danricus were observed to 
clean the moderately polluted zones while Claries 
batrachus. Heteropneustes fossil is. Lepldocephalichthyg 
guntea. Channa punctatus and £. orientalis were found to 
be tolerant species. They further reported 
Ma8tacepl;>?iV«if pancalus as a pollution indicator species. 
According to Srlvastava(1993), the fish fauna 
of the rivex' Ganga. was quite poor as was evident from 
low species diversity. They concluded that the fish 
population depended upon the limnological conditions of 
the water, 'lliey further concluded that the increasing 
industrialisation on theGangetic belt had adversely 
—-r 
affected the fish population probably due to 
unfavourable abiotic conditions. 
218 
Rgq^ limnocharis was widely distributed and 
was recorded throughout the otretch of river 3ixi. 
Tadpole larvae wore quite frequent during the breeding 
season. These observations were supported by 
BilgraiDi(1991} and Sinha(1991}. 
Reptiles were observed in all the seasons. 
Kachuaa Xachuaa and Trionvx aanaeticus were observed in 
maximum number at cremation sites such as Rajghat and 
Munshiganj because of their carnivorous habits which f«d 
on dead organic matter. Bilgrami(1991) and 
Srivastava(1993} also reported such findings. 
» 
Sai basin is a sanctuary for some number of 
birds including the migrator-y ones. In winter a lar'g« 
number of migratory birds visit in this belt. Thes« 
birds feed on crustaceans, insects, molluscs, fishoo and 
tadpole larvae. Tliese observations have been found to b« 
in agreement with those of Bilgrami(1991), Sinha(1991) 
and Sriva8tava(1993). 
It may be concluded from the above studitfs 
that the sitewise and seasonwise variations of th« 
'species were clearly indicated. Maximum number of 
fishes, amphibians and reptiles were collected in 
monsoon season while maximum birds were observed in 
winter HSAdr-flMhfiimum were recorded in the summer season. 
TJiis could be correlated with the favourable temperature 
condition as^well as good flow of water for breeding 
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during moit'suon and winter while the decline in 
vertebrate, population of animals m summer was due to 
decreased water volume. 
It might also be concluded trom the above 
studies that the factors like cremation and dumping of 
dead bodies and carcases in addition to waste water 
discharged from industries and sewage greatly affected 
qualitative as well as quantitative fauna of T I'^oi Sai 
between Lohanipur (Kae Dareli) and Behta Khurd >• (Ka« 
l^ ar oil). 
220 
luu-1: Hsnonifli or iramm run or n n su i n mum n Mm n o umoi mam ruunti 
s. 
1. 
2. 
3. 
4. 
5. 
i. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
l i . 
17. 1 
IS- i 
w. i 
20. 1 
21. ! 
iNioriiiius 
! nTlH-nOIDZOl 
1 ktuooknfs so. 
1 Iroelli 80. 
! loioap. 
1 CCHtia 8p. 
! Ci iUnl iM sp. 
! Colpilia sp. 
1 DUii in sp. 
1 l i f f l w i i sp. 
' fiwlypks SP. 
k l ter i i sp. 
hruecia sp. 
Pronto sp. 
SpirostoM sp. 
Steitor sp. , 
StyIoicki< sp. ! 
TetrikyMN sp. 1 
VerticilU SP. ! 
— >• 
nriM-ionnu 
IsvBMteis SP ^i 
IsconrplM sp. 1 
lU-
im 
p 1 
1 vmssM 
I l l s 
I + - 1 
j f + -
• f t 
f t • 
- f f 
+ - f 
- - f 
i t j 
1 UMIT 
f 
J 
I l l s 
\ * * * 
t + f 
- - • 
+ t f 
- f -
+ • i 
- f -
- - t 
+ » + j 
- f - 1 
IMSDOU 
I l l s 
I - 1 f 
1 t f f 
- • • 
f t f 
- - + 
- - f 
t t f 1 
1 i i i i i ra laGHsn 
I l l s 
! - - ^ 
j - f f 
f + t 
- f i 
- f t 
- + + 
- • f 
- f f 
+ f • 1 
- + - 1 
I l l s 
1 - - -
j f • t 
- f f 
- - + 
- - f 
+ • • 
- f f 
- • M 
- t f [ 
i m o B j 
! 1 
I 1 1 S ! 
j - f f 1 
1 t f f 1 
I 1 
[ f f t 1 
• - + 1 
- • f I 
[ 
• • • 1 
- - f 1 
- 4 1 1 
+ t f 1 
1 
- - + 1 
nil-1:000. 
221 
s. 
23. 
M. 
a. 
X. 
Z7. 
X. 
X. 
X. 
X. 
s. 
s. 
X. 
X. 
X. 
X. 
X. 
X. 
41. 
lUEtfilUUS 
&BEBK2BSS U U S X S Z S 
kickkHi liritotiti 
^BSs^EK r^ * 
IWtflHMWlci 
inyUiir-
u-
II-
TIT 
loUfiifiTiMn 
! 
mix-flunRnai \ 
t 
t 
f 
r 
f 
r 
f 
f 
r 
r 
r 
I P 
I 
I f 
I 
I 
I f 
I 
I f I 
I 
T I 
I P 
! I 
I 
BuiSflB fisBsus 
UMUim 1 lUflUT i lUSUaU l DUITIPIS I JIGDISHPW I IZITl IMS I 
1 1 s 1 1 1 s 1 1 V s 1 1 y s 1 1 1 s 1 1 V s ) 
( • f i l l 
1 1 1 1 1 1 
1 1 1 1 1 1 
- - - j - - - | - - t ! - - - | - - - } - t * | 
- • - { • • • } - • • } • • • { - • • ! • - • ! 
- - • [ • • • [ • - • { • • • { • • • I * f » l 
- - *\ T • • { - - • ! - • • ) • • • } - • • ! 
- - - j - • • ! - - - j f + • ! - - - | - - • ! 
- - - { - - • { - • • { • - • { - • • { - • • I 
• - • { • • • [ - • • { • • • { • • • i - » * i 
I 1 i t 1 i 
- - -1 • - f 1 - - - 1 - • • } - • - } f • • 1 
- • - { - • • l - + - l - » t l t t - l - * » l 
- - - | - - • ! • - • } - - - i - - • ) - - - I 
- - - l - - - l - t - l - - t j - - t l - t » l 
- - • { - • • { • - • { - - • { - • • { - - • I 
1 I 1 1 1 i 
{ i ! i i 1 
- . . } . • - 1 . . . 1 . . . j - • • 1 . . . J 
* < < ! I 1 1 1 1 ! i i 
I 1 1 ! 1 i 
I 1 1 I i 1 
. • . l . . . } . • • I - - - } . . . 1 . . . 1 
! 1 i 1 1 1 
I ! 1 1 i i 
! * ) 1 ! 1 1 1 1 1 1 i 
- . - J - - - | - - . ^ . . - j - . - ; . . t | 
1 ! 1 1 1 i 
- - -1 - • - j - - - 1 - • - 1 - f • j - • - 1 
222 
luu-i: com. 
s. 
10, 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54 
55. 
56. 
57. 
56. 
59. 
60. 
61. 
UBgnmus 
miM-umm 
Cketowter sp. 
Dero sp. 
gloaaopknn ap. 
Iiawielld tetrakedri 
UlSSQ. 
?irauis sp. 
Tfhfcx sp. 
n r U I - UTHBOPODl 
CUSS - a s s n c u 
inilM 
k n i u sp. 
Cutkocuettt sp. 
CwtrocYPfu sp. 
Qydons sp. 
CTCIOCB sp. 
Cypfis sp. 
Mai id sp. 
tiutoHS sp. 
Iicn>tr«ctia ItMerrei 
hcrotkrix roaaa 
ioiM sp. 
!II-
inr 
1 PU 
• 1 
i 1 
;' I 
im 
; B 
1 pvi 
1 FU 
I'pu 
I'pu 
I'PU ! 
i PU 1 
i PU 
! PU i 
1 PU i 
I 1 i 
1 ! 
i ! 
1 uum 
j 1 1 S 
1 + - -
! - - -
- t 
- f -
- + + 
- t 1 
t + 1 
f - j 
t + f ] 
- i 1 
1 WCUT 
{ I I S 
! - - 1 
I f - -
j + - -
- t t 
t f t 
+ f f 
- - + . 
- + - 1 
- t t 1 
- - - 1 
+ t t 1 
j H S U O U 
1 1 V S 
[ f - t 
- t t 
t ^ -
- + t 
+ t + 
- + - 1 
- - ^ 1 
- t • 1 
- + - 1 
f t + ! 
+ - • I 
- + - i 
- 1 + 1 
1 l U I T M 
; 1 V s 
1 - + + 
I - + -
! • - + 
- f + 
+ + t 
f f ^ 
- • • 1 
- ^ • 1 
+ - - 1 
1 j i a u M 
{ 1 V S 
I • - -
1 - + -
- f -
t t f 
- t + 
- - - 1 
- • > I 
t - + 1 
i n n i H i i 
1 i { 1 V S 1 
I - - + I 
1 • - - 1 
f f t ! 
f + t 1 
- - • I 
• - - 1 
• • - j 
• * I 
- f - 1 
- - k \ 
- f f 1 
223 
n u - i : oom 
s. 
n. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74 ' 
75. I 
76 .1 
HBOPUIIUS 
! Iflupliis lanie 
1 Pdratelphusd sp 
1 CUSS l l S i a i 
1 dDQ-ZTGOPTQl 
; Isckniu-a n r t i ca l i s 
\ Dtisel Ui 
', Ousel fly tytfk 
] OBBQ - ODOIITI 
,' OrafOB ily 
1 Drajoi fly lyipk 
0BD£8 - PLECOPTEIl 
Perla b ipucUU lyipk 
limrU lyiot 
Letctra lyapk 
(KDES - EFHOZBOPTm 
laetis sp 1 
Caeiis sp. ! 
hy fly i 
OBDQ - HBUmSl 1 
klostoM sp. 1 
! I I -
I I I I 
1 f 
1 B 
Ilea 
! f 
; I 
; f 
1 B 
1 
] 
I 
1 1 
1 1 
I 1 
F 1 
1 ! 
1 louimi 
j 1 1 S 
! - • ( 
\ i - -
1 ^ • + 
! - - • 
< f t ! 
1 U M U T 
i l l s 
[ • < ( 
1 - - •( 
1 + + + 
- • f t 
- -f - ! 
t + - 1 
j msufiiu 
i l l s 
1 1 t < 
1 - < -
1 t t t 
- • t 
t t t 1 
! Muuni 
! 1 1 S 
1 t 1 < 
1 • 
1 t - -
\ i i i 
+ - > 
t - - 1 
- • - j 
- t t 1 
! jiGDisra 
i l l s 
! ) t t 
1 1 
1 - - " 
< i 1 
- \ -
- - f 
- - t 1 
- - • 1 
( t - 1 
! union! 
i 1 1 S ! 
; 1 1 ( I 
1 • - - I 
; t + f ; 
* ^ • 1 
- f - j 
f t 1 1 
224 
nu-1: com. 
77 
78 
79 
80, 
81 
82 
83 
84. 
85. 
86. 
87. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
UBQPUIIU5 
Cwm sp. 
Gems sp. 
Wrotetra sta^iona 
Ibtrocons cwwr 
Itpa fohatu 
kfiiiyipk 
lotoeecU sp. 
Plea leacti 
JiHtit eloeqaU 
PenttopM r«f«8 
tel ia Mprai 
OUZI - IQiSOPTm 
Sialis lanae 
Sialis sp. 
GSDQ -OOiiOPTEU 
Cybister sp. 
jeroeectes eie^aas 
JTYOPSSP. 
Ofvope larne 
GyriDM sp. 
Cyniis lame 
iWrotiu larrae 
II-
IIT 
I 
leu 
leu 
ku 
•I 
B 
ku 
I 
i 
1 
l U 
1 
P 
ku 
B 
ku 
B 
UMum 
I I S 
^ t 
f ^ 
+ f f 
- f 
t f t 
- f -
f t -
+ -
- t 
- f 
UJGUT 
I I S 
- f 
- I 
- t 
t - t 
HSU6UI 
I V S 
4 
• t f 
- - f 
Buiiim 
I I S 
< + 
- f 
t -
itamm \ ion un 
I I S I I I 
i I i 
» f f 
+ • I 
t + 
t + 
225 
uu-1: coin. 
s. 
10. 
97. 
96. 
99. 
1100. 
1101. 
1102. 
1103. 
;i04. 
iwcnimu 
OBDEB - TIIQIOmU 
QMM]| f]y 
JYifopBYclw IdTfae 
OiSES - DIPTEU 
QiroMiM linat 
Comotevi luidt 
Cilti larTM 
ErisUliB sp. 
fofcipwru laaat 
Pwtoto sp. 
IlKi. 
!106. 
il07. 
1106. 
1109. 
1110. 
1111. 
1112. 
d i s s - lUCIUIDl 
JWfotates sp. 
i w w s s p . 
PirUK - KLLilSa 
CUSS - osnoroi 
Ginltt cMwwsis 
HeJii Mwl 
LyMW dlWddlllB 
ieluoUes UternUtiis 
fcluoides sp. 
himtt twwleasis 
U-
U-
ni 
ka 
B 
I I S 
< i 
- f 
i t 
+ t I 
- f t 
• f t 
lounni j woiT 
I I S 
i + f 
i 1 i 
- - f 
- t t 
t t f 
- f • 
I -
» + 
I + 
Hsnou 
I V S 
+ + t 
t • 
+ t 
< t 
+ + f 
- f + 
f f + 
fiuinpn 
I V S 
aGBISWO 
I I S 
f t t f t 
- f + 
f t f 
- - t 
- f t 
+ + t 
* + • 
t f 
+ I 
- t 
- • 
f f 
uni 
I I I 
- f 
t + t 
- + f 
- i f 
+ i 
I 
- • 
n u - i :Ooni. 
226 
1113. 
!114. 
I'llS. 
!116. 
1117. 
UB or Muus i u-
I I I -
riT 
tinpera crasaa 
jfrnpera sp. 
fldioriis emstts 
CUSS - LUQIIKliaill 
iioioiU sp. 
laiellideis Mftiaalis 
< - 4 
t + -
+ 4 t 
f f i 
wcur 
1 V S 
• - < 
* f f 
f t f 
• 1 + 1 
f f 1 1 
jMSUOU 
I l l s 
^ - t 
f f f 
f - -
< + + 
t t f ] 
1 Nuiirai iJioiara 
I 1 1 S 1 1 1 S 
j < - - 1 - •» < 
' - f - 1 - - -
+ f + I - t t 
- 1 • I - •( -
- + • j - - f ] 
inniiMii 
1 1 1 S 1 
I - < • 1 
' t t - ! 
t • I 
- 4 • i 
- i i \ 
iUfi£YIlTIOi 
i - Present 
- --liseDt 
P ^Plaiktot 
1 ^lektoa 
k i - knstoii 
1 = Beathos 
t =Fly 
II = NoDSooii Sedsofi 
If = Inter Seasoo 
S = Suier Season 
227 
nu- u: iismwiii or nnun nw « un su m uum n m nnw nm mam. fimnai 
s. 
5. 
i . 
7 
e. 
9. 
10 
U'. 
U. 
13. 
iwflf nous 
PilTLH - OKIBUTl 
SKQCIiSS -PISCES 
CUSS - TDJOSTdl 
ma-amiKBBs 
tmiv-wmim 
Ilisk Mtin (luiltoi) 
rUUlI - OGUIUUE 
Sttipiw p>M> (liailtoi) 
nULI - KTOPmiDU 
lotootens ckiUU (biiltoi) 
lotopteng lotoptem (pillis} 
dOD - cmiiiraBBS 
PUIIT - CnflllUE 
iwitoirii ms duilta) 
^ 1 ^ . (lillltOl) 
Qsli Iffkci lluiltM) 
Clfftott iriwl> (iailltoil 
tmio knrio (luiltoi) 
toricM (taiiltoi) 
Utoo ufri (bultoa) 
likokU 
Ubw bow 
( laultot) 
(iBUltoi) 
UOllUi 
i iOHimi ! UMur 
SaBtri 
Ftaisi 
Pitn 
ItlMCkl 
CkilkM 
DMilli 
hit 
flititdrj 
TkUiukia 
Eiit 
liti 
IkBfU 
I I S 
i t 
i f * 
k + + 
* f f 
+ + t 
f f f 
+ + + 
I I S 
t + 
- ^ 
t + 
I I S 
• f 
t • * 
- • 
+ f 
f + 
aiiiuni tjwiam {HRIIMI 
1 1 
I I S 
i * i 
t + f 
^ - V 
I I S I I I S 
t • » 
- f 
t « 
• t 
f f » 
228 
IlU-n:ODIII. 
14. 
15. 
16. 
17. 
18. 
U. 
20. 
a. 
22. 
23. 
24. 
26. 
27. 
29. 
30 
31. 
Horuiiiu 
Uteo cajkw (laiiltoi) 
Uko too (lauItM) 
U>eo rokiU (Builtoi) 
flrteokan cotio (hiiltoi) 
Omtstef tiCiili (laiiltoi) 
h i t m ckoli (luiltM) 
PMtiiB dryaoptens 
(Ic Clellaid) 
Putitt CMctaiM (laiiltoB) 
PutiB stfw (luiitoo) 
Putiis »opk>re (kiiltoi) 
mi l l - GDUTIBU 
jotii itfio (iMiltoi) 
UOlteWtlllCiUW IMtM 
(laultoO 
rUIiJ - SUIOIUE 
Owi tmciUtB (Hock) 
fcllwo itU (Hock) 
mil l - liOIUI 
i g t v kloekeri (tiy) 
l»»U« CITMIB (IliiltOl) 
IwtB Umut (Ittiltoi) 
IwtM ritUtw (Hock) 
LOOL 
briuickar 
Irugi 
Bobi 
Giirda 
Qalkiw 
Sidkari 
Sidkari 
Sidkari 
Dardkee 
Sidkari 
lagkau 
hUti 
Jallupoor 
Padkui 
Tetgara 
SvtakdN Teifara 
Teifaia 
Teijara 
Lounni 
I I S 
4 < • 
+ t f 
+ i i 
+ + f 
t f f 
< 4 4 
f + i 
+ f I 
4 4 4 
4 4 4 
4 4 4 
UNUI 
I I S 
4 4 
4 -
4 f 
4 4 
msaau i maim IMUM immi i 
1 1 I V S I I I S 
4 4 4 
4 4 4 
4 4 t 
4 4 
f 4 
4 4 4 
4 4 
- 4 4 
4 4 -
4 4 -
4 - 4 
4 4 
1 
I V S t I I I 
4 4 -
- 4 4 
4 
4 - 4 
- - 4 
4 f 
4 4 
4 4 4 
4 4 
f 4 
229 
iiii-n:Ooni. 
s. 
32. 
33. 
34. 
35. 
36 
37. 
3B. 
39. 
42. 
43. 
umu 
Ifftw am^U (Sykes ) 
hU nU (laultoi) 
niUI - SISUIME 
htuim hwm (laultot) 
GIRU CMH (faultoi) 
h n kira (laultoi) 
nULT - SOIIIIINI 
^li i coiU (hultoi) 
glipilflfi fUM (liUltOl) 
(llock) 
nmj - siooQUidiui 
leUfOBMWtw fagi l»( l lodt) 
ODD - BLdinnES 
mm - Buiuii 
IiMitoto CMCili (Builtoi 
(OD - OniOCniUFOHES 
mill - oFiioamusu 
Q M M unJiM (iMiltoi) 
Ckmm i twirt i i Itlijfiu) 
' OBB - smucnrans 
LOCll 
OBTiai Teijan 
GoKk 
Tukatia 
fuaki 
hUsi 
liikari 
hrui 
Sitqh 
Um 
Siir 
I I S 
+ t 4 
- t t 
+ - 4 
+ I -
f f -
+ i f 
I I S 
f i 
t - • 
- - f 
• n a u ! Nuiim 
I I S 
t t 
+ - f 
- f -
- i i 
t - I 
I I S 
t f 
I I S I I I S 
-! 
I 
I 
f t + I • 
• t 
< < 
IlU-n:O0iII. 
s. 
44 
45 
46 
47 
48. 
49. 
50. 
51. 
52. 
53 
HieryQius 
ruiii - uPHinouu 
tortimoM cidin (laiiltoi) 
CBNS - PEKiraUS 
mill - cEinoPQiiui 
Ckka kalis (lailtei) 
Ckk< MM (faultoi) 
mil! - tmim 
M i l Mis - (iMiltoi) 
nuu-uiiunui 
CoIlM fMClitlS (Hod) 
Coliw UjiM 
1 CMari 
1 CMdri 
Suk 
• 
Dosti 
Iketi 
nillT - GOillUE 
Slowot^ iM iiiris (Miltoi) 
(OS - usncmzLEniiizs 
niU! - USTKnULOU 
hcronitM icilMtM (IIKI) 
UOLUII 
likya BMI 
kil l 
hlia 
iMtswrielis uutalUctpeit) Ma 
hsUosiklis PMCIIM 
ono - imognnninEs 
miit - rmoDoriiu 
PtUyi 
umini 
I I S 
+ * 
t + • 
4 i -
- f f 
30 
UMUT {Hsuou I lui ira i J i a u M { • n i w i 
I I S 
• 
f t -
I - f 
I I S I I > S 
+ t 
- I- -I 
I I 8 I I I S 
4 4 
f 4 
231 
i iu-n:Ooni . 
s.. 
m. 
M 
S5 
56. 
57. 
se. 
59. 
M. 
il. 
62. 
63. 
M . 
65. 
66. 
trnvmus 
Tttraota citcitii (hultoi) 
OiSS-UnilU 
ODD -siuoni 
CUSS - nPTim 
OBHi -cmoiu 
bc>w>ac l«w 
Inoiyi mwticiB 
diSS- lTES 
ma r acoriiraus 
ClCMH ClCOiH 
FUUlM Iwcofofaamor 
OBBD -USBUFOBES 
iuer ustf ntrirogtris 
Tatoii fwntuei 
Titon Ukm 
ODD -FlLOniNBIS 
UCIlUi 
Galpbilui 
Dyri 
lljli 
ladibflt 
Ckucke 
lajkais 
SirUab 
Skil ckahi 
vkiti backed 
nltire v 6iili 
Ckeel 
lamm 
I I S 
* 4 
t - + 
UMir 
I I S 
4 f f 
4 < < 
+ f 
+ -
•suou I Hinm uMun i m m i j , j 
I I S I I I S I I I S I I I S 
+ t 
• • 4 
t f 
< 4 
f + f 
f - • 
t f 
i -
i < 4 
32 
mi-n: com. 
s. tmvmms 
uai 
67. 
OBDO - CUUKIllQBnS 
SUfM ur<iti< Tekari 
uum I iMur 
I I S I I S I I S 
luiiini iJMiiflni I m i 
I I S I I V S I I I I 
mnunci 
i = Presat l = Moi8ooi Seasoi 
I = l i iUr Sodsoi 
S - Smer Seasoi 
233 
EXPLANATION OF FIGURES 
Fig. 1-7 - Camera lucida drawing some protozoans 
collected from river fJn i between Lohonipur 
and Uehta Kt\ut d . 
Fig. 1 - Amoeba sp. 
Fig. 2 • Colpidium sp. 
Fig. 3 - Didinium sp, 
Fig. 4 - Halterig sp. 
Fig. 5 - Paramecium sp, 
Fig. 6 ' Cpirostomum sp, 
Fig. 7 ' Vorticella sp, 
I'lMn'iu Tiiiii I'in III'. ''ni 'nuilMhtlTf^lW^sN^ 
234 
EXPLANATION OF FIGURES 
Fig. 0-11 - Camera lucida drawings of some rotifers 
collected from river Sai between Lohanipur 
and Behta Khurd. 
Fig. 8 - AnuroeopBis sp. 
Fig. 9 -- Droctiionus quadridentata 
Fig. 10 - Co1urus sp. 
Fig. 11 - Kerotel1Q tropica 
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EXPLANATION OF FIGURES 
Fag. 12-15 Photographs of a few arthropods coilected 
from river Sai between Lohanipur and liehto 
Khurd 
-Fig. 12 - Macrobrochium lammerrei 
Fig. 13 - Nepa robustus 
12 
EXPLANATION OF FIGURES 
Fig. 14 - Belostoroa sp 
Fig. lb - GerrJB sp, 
^4» 
15 
EXPLANATION OF FIGURES 
Fig. 16-21 f'hotographs of a few molluscs collected 
from river Sai between Lohonipur and Dehto 
Khurd 
Fig. 16 - Melanoides tuberculatus 
Fig. 17 - Vivipera bengalensis 

EXPLANATION OF FIGURES 
Kig. IfcJ - LymnoeQ arovada1us 
F ig . 19 - Helix exual 
\ 
EXI^ LANATIOM OF FIGURES 
Fig. 20 - Anodonta sp, 
Fig. 21 - Lame!lidans marginal is 
i 2 0 
— ^ - ~ " - i j | ! j W m i . . t^V-BM- w^w-H^ 
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EXPLANATION OF FIGURES 
Fig. 22 25 Photographs ot fishes collected from river 
Gai betwoerj LoJmrnpur and Dehta Khurd . 
Fig. 22 - Notopterus notopterus 
Fig. 23 -- Kita rita 
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EXPLANATION OF FIGURES 
Fig. 24 - Myatus bloekefi 
Fig. 25 - Mastacembolus panca^us 
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MORPHOMETRIC FEATURES AND POPULATION 
STUDIES OF ICHTHYOFAUNA OF 
RIVER SAi 
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MORPHQMETRIC FEATURES AND POPULATION STUDIES 
fiE ICHTHYOFAUNA OF RIVER §M. 
INTRODUCTION 
The ecology of surtaqe runoff water plays an 
important role in the development of the fisheries of 
streams and rivers etc. as it determines the 
habitability and the high rate of population growth in 
India and the rapid pace of its industrialization have 
created problems of disposal of waste water. Untreated 
sewage and industrial effluents are being largely and 
indiscriminately discharged in river Sai. The study 
related to the fish and fisheries of reservoirs has been 
given greater emphasis than related to the rivers though 
it forms a bulk of inland fish yield (Jhingran, 1982). 
They form rich source of fish - spawn collection also. 
However, a host of man - made changes in the reverine 
habitat due to large Bc&le water abstraction for 
irrigation, construction of ddms and barrages si 1 tation, 
soil erosion due to deforestation in the catchment areas 
and water pollution from industrial, agricultural and 
municipal wastes have deteriorated not only the fish 
yield but also the fish population, fish species and 
their distribution.Hora (1942) was first to realize that 
the pollution in the streams is likely to affect the 
fishes. Latter on, the effects of sewage wastes and 
various industrial effluents on the fishes of different 
rivers have been carried out by several workers (Hora 
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and Nair. 1944; Ganapati and Alikunhi, 1950; Banerjee 
et. al.. 1956; Ray and David. 1966; Bilgrami and Datta 
Munshi. 1985; Laal et. aj.. . 1986; Srivastava et. ai-. 
1987; Jaya Raju and Sharma, 1988; Ghosh and George, 
1989; Bhatt - and PathaX, 1990; Bilgrami, 1991; Sinha, 
1991 ; Srivastava. 1993 and Varma and Dalela (1975) have 
studied lish tauna ol stressed rivers and have tried to 
designate fish species into tolerant to pollution, 
sensitive to pollution and moderately sensitive to 
moderate pollution species. A report on river pollution 
and fish life in the rivers ol Uttar Prodesh has 
clearly indicated thot mixing of industrial effluents in 
river water disturbs the fish and fisheries of the 
rivers (Tandon, 1988). 
Chattopadhaya et. ai. (1987) studied the fish 
population of river Ganga between Katwa and Naihati 
(132Km) where it received a huge amount of untreated 
effluents of paper, jute, dye, rubber, thermal power 
plants, other process industries, raw sewage and 
domestic discharges of the townships. Srivastava (1993) 
investigated the morphometric features and population of 
Ichthyofauna of river Ganga from Kala)tan)tu^  (Pratapgarh) 
to Phaphamau (Allahabad), who observed that the length 
and population of Gangetic fishes increased without any 
marked variation in the lish formula. They concl4ided 
that the fish population was directly proportional to 
the limnological conditions of water. 
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From the above reforencea it appears that no 
efforts hove been made to survey the fash fauna in the 
stretch of river Sai between Lohanipur and Behta Khurd 
at Rae Bareli regarding the fish morphometric and its 
population, hence this stud/ has been undertaken and 
completed. 
MATERIALS AND METHODS 
The fishes were collected with the help of 
nets from the selected sites viz. Lohanipur. Rajghat, 
Munshiganj, Dariyapur, Jagdishpur and Behta Khurd and 
identified with tlie help of standard texts i.e. Jayaram 
(1981), Datta Nunshi and Srivastava (1986) and Day fauna 
(1989). The observations of fins, fin roys and scales 
wore done with the help of hand lense and stereoscopic 
binocular microscope. 
For the measurement of the fish, the methods 
of Datta Munshi and Srivastava (1988) were adopted. The 
fojlowing abbreviations wore used : 
D - Dorsal fin 
P - Pectoral fin 
V - Ventral fin or pelvic fin 
A - Anal fin ' 
L.1. - Lateral line of perforated scales 
L.r. - Lateral row of unperforatod scales 
L.tr. ~ Lateral transverse row of scales 
0 - Adipose dorsal. 
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Abbreviations for tins and scales are with 
number and those separated by a hyphen ( - ) , the range of 
variations. An oblique stroke (/) separated two types of 
rays in a fin such as spiny and unbranched rays from 
branched ones. Vertical stroke (|) separates different 
fins, such as rayed dorsal from the adipose dorsal or 
the spiny fin from the nonspiny ones. For example if 
the fin formula of a dorsal fin is D. 1/6/0 i.e. it has 
1 spine, C branched rays and 0 rayless adipose dorsal. 
Tlie lateral line was a row of perforated 
scales between the angle of gill opening and the base of 
the caudal fin. Tliis might bo complete, incomplete or 
interrupted. 
Scales were counted along the lateral line and 
their number was shown after the abbreviation (L.l.).° If 
the lateral line was absent, the scales were counted 
along the row in which the lateral line normally existed 
and their numbers were shown after the abbreviation 
(L.r.), transverse row of scales were counted from the 
interior base of dorsal to the ventral line and their 
number was written after the abbreviation (L.tr.). If 
there was a lateral line, the scales above, and below the 
lateral line were separated by an oblique {/) stroke.' 
Barbels might bo present or absent, the number of pairs 
wore noted and included in fish formula. 
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The length (cm) and population of fishes were 
also observed and recorded. 
OBSERVATIONS 
The scientific description und population of 
the fishes collected from different sites Ims been 
presented in Table - I and II. 
Families, local names, scientific names, fin 
formula, length und population of various fishes have 
been shown in Table - I. While the population of fishes 
in site wise and seasonal variations have been recorded 
in Table - II. 
It would be clear from Table I, that fifty 
four species of fishes belonging to nineteen families 
viz. Clupeidae. Engraulidae, Notopteridae, Cyprinidae, 
Gobitidae, Siluridao, Bagridao, Sisoridae, Schilbei^dae, 
Saccobranchidae, Belonidac, Ophiocephalidae, 
Amphipnoidae, Centropomidae. Nandidae, Anabantidae, 
Gobiidae, Mastacombelidae and Totrodontidae were 
collected and identified. Out of which the maximum 
number of fishes belonged to the family Cyprinidae while 
the highly populated fish belonged to the family 
Bagridao. 
Labeo boqa, Labeo calbasu. Wallaao attii. 
Jtystus tenqara. Rita rlta. Ma«t«r.Aintw.iii« armatua were 
collected from all the sites. Maximum varieties of 
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fishes wore recorded at Lohanipur. Lobeo boaa. Labeo 
calbasu, Puntiug sophore. Wa11ago attu and Rita rita 
were showed, abundant population while the Setipinna 
phaaa. Chela laubuca. Panic devario. Osteobrama cotio. 
PuntiuB chrvBOPterus.Puntius sarana, Lepidocephalichthvs 
guntea, Mystus cavasius. Hara hara, Ailia coila. 
Heteropneustes fossilis. Chanda baculis and Chanda "^ p^y* 
wore observed with poor population in this stretch. 
Site wise and seasonal variation of fish 
population have been presented in Table II. It would 
be apparent from the table that during the winter season 
a good population of fishes were witnessed at all the 
sites except Jagdishpur and Dariyapur while the abundant 
population of fishes during monsoon season from 
Lohanipur and Munshiganj. In sunmer season the 
population of fishes were observed to be poor at all the 
sites except Lohanipur and Munshiganj. 
It is noticeable that the minimuii population 
of fishes in all the seasons was observed at Rajghat, 
Dariyapur and Jagdishpur as compared to the remaining 
sites. 
DISCUSSION 
The influence of different environmental 
factors on the distribution of fishes has been studied 
by several workers. Katz and Gaufin (1952) expressed the 
opinion that while designating species of fish as 
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indicator oi pollution, no single species ol iish should 
be considered. TJie stretch ot river Sono lo almost 
devoid of major carps duo to deoxygenation caused in the 
absence of adequate dilutjon as investigated by Motwanl 
et. ai. (1956) and Banerjee et. ai. (1956).The effected 
stxetch acts as a barrier to tish migration both 
ways.Banerjea and Motwani (1960)have found 55 species 
ol lishes in Guvaon stream with an abundance of fishes 
belonginq to Cypriniformes. In clear water areas 45 
species were observed. In polluted areas the major carps 
were totally absent but an abundance of Qphioceoha1us 
sp. and Wa11ago attu were present in good number. Tim 
large scale fish mortality in a 160 Km. stretch ot the 
river Kali, resulting m a loss of 300 quintals was 
observed due to oxygen depletion, George et. al. (1966). 
In river Ganga at Kanpur the sewage and industrial 
wastes affected the fish population as reuorted by Ray 
and David (1966).'nioy correlated the fisheries with the 
ecology of the river Ganga. According to them, the most 
frequent species occurmg throughout the stretch of 
river studied were A8Pidopari<> roorar. Oxvgaster sp. and 
minnow carps, Crossocheilus latius in the post monsoon 
months only at the cleaner stretches. ITie fishes that 
appeared to be tolerant to slight septic conditions were 
the small Mvstus vittatus. Mvstua cavaslus. Puntius 
sp. .Clupisonia garua. Eutropiichthys vacha. Rita rata. 
Gudusia chapra. Chela laubuca. Ogfuohy^mn cotia and 
Mastacemt^'"" armatus appeared to thrive in oxygen 
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deficient water". 
Tl\(3 river Dai receives a sewage drain, sugar 
lactory eltluent drain and papermill and ITI mixed 
effluent drain at Rajghut. Dariyapur and Jagdishpur 
respectively which might be responsible for the 
pollution. Sowage dram and the industrial effluent froDD 
the domestic water which contains various toxic 
substances with high amount of unmonia. CO^ . DOD and 
COD concentration and low dissolved oxygen was 
responsible for histopathological changes in gills which 
reduced the respiratory activity resulting asphyxiation 
and ultimately death of fingerlmgs (AkolXar and 
Belsare. 1981). 
Investigation on the effects of sewage and 
industrial wastes in Kalinadi at Mansurpur upon the 44 
species of fishes were identified (Verma and Dalela. 
1975). It was, however, maintained that some fishes 
including Wallago attu. Clariaa batrachus. Ophiocephalua 
striatus and 0. punctatus generally occurred in good 
number in polluted areas and seemed to be more tolerant 
than other forms while other fishes such as Gaduaia 
chapra. Garra aotvlea and Barilis barna ere sensitive 
to pollution. Sharan (1986) has also reported the 
increase in the population of cat fishes which might be 
due to the increased level of organic detritus load in 
the river Ganga. The present studies supported the above 
mentioned observations. 
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Pollution which is man made factor is 
responsible for the harm caused to the Ichthyofauna of 
river.Rounsefell and Everhart (1960) have pointed out 
that sometimes pollution in the water neither kills the 
fishes nor harms them but it changes the biological 
environment either by destroying the fish food or by 
changing the type of organisms which may ultimately 
affect or lowers the fish fauna. Various scientists 
investigated the toxic affect of different types of 
pollutants such as industrial pollutants, particuiarjiy 
metals, detergents, petroleum hydrocarbons, (Ray and 
David, 1966; Chattopadhyay,1983; Saha and Korar. 1983; 
Abbasi et. al..l991; Devi and Gopal, 1991) on the 
fishes. 
The effect of pollution chonges the ecology 
and physico -- cliemical features of the river Ganga 
(Sinha. 1988 and 1990) which resulted in the depletion 
of the fishery of river. Physical and chemical qualities 
were known as the factors' which affected the 
distribution of fishes in fresh waters. Factors such as 
velocity, dissolved oxygen, alkaline, pH and high biotic 
community were considered as the causatives responsible 
for potential availability of the fish fauna in the 
river (Bhatt eit. oj,. , 1984; Ellis et. al.. , 1946), pointed 
out that the lowest DO for maintaining fish in healthy 
condition is 5mg/l at 20^ C and the critical value is 3 
mg/1 . 
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River Sai is a good source of fisheries in its 
surrounding ureas but industrialization and urbanization 
have resulted in excessive discharge of effluents from 
factories and sewage from cities into the river, causing 
a serious change in Sai ecosystem specially the 
population and thei'r composition. However, the 
pollutants discharged into the water system, might not 
generally cause immediate death of fishes but certainly 
resulted in the loss of their population.Patil et,. al. 
(1986) stated that the fishes were absent in the 
effluent mixed water of the stream owing to unfavourable 
conditions. Normally the fishes avoid the toxicants and 
migrate to safer positions and situations. In addition, 
.the population of fishes has been reported to bo 
affected indirectly when its habitual- food organisms 
were destroyed (Jhingran, 1988). 
Das (1988) stated that the fish might not 
always die but their reproductive capacity, breeding, 
spawning and development of eggs were adversely 
affected. Biological effects on fish include 
morphological and physiological changes which directly 
or indirectly effect the migration, behaviour, disease 
incidence, life cycle, nutrition and also at genetic 
end. Due to rapid industrialization and construction of 
Hatia and Getalsood dams, migration of fish was affected 
and domestic and industrial waste greatly reduced the 
habitual food ot fish. Destruction of usual breeding and 
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feeding ground in turn resulted in low fish fauna (Singh 
and Singh. 1988). Ghosh and George (1989) reported that 
the algal bloom often caused harmful effect on the fish 
life by depleting DO, physical choking of gills and 
toxic substances liberated by the metabolism of algae. 
Bhatt and Pathak (1990) stated that the water quality 
surveillance might, with the addition of abnormal 
substances, excised direct deterimental effects on the 
fish communities, where as the processes such as 
sedimentation could produce changes in the ^ very 
morphology of the river Kosi basin and, so to say, 
indirectly, on the fish population.Bilgrami (1991) 
observed that the commercially fish species i.e. Catla 
catla. Labeo rohita. Cirrhinus mriaala. Labeo calbasu 
were getting depleted in river Canga at Berhompur to 
Katwa. They also observed that the normal food - chain 
in Ganga ecosystem might adversely affected if such 
population imbalance continued. Sinha (1991) stated that 
the reduced body size and the low population of fishes 
in river Ganga at Phaphamau site might be due to the low 
DO which had caused them to migrate to areas where DO 
concentration was higher. Srivastava (1993) investigated 
the morphometric features and population of Ichthyofauna 
of river Canga. who observed that the length and 
population of Gangetic fishes increased while no marked 
variation in the fish formula, 'fhey concluded that the 
fish population was directly proportional to the 
limnplogical condition of water. 
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In the present study it has also been observed 
that the length and population of river Dai fishes 
increased while no marked variation in the fish formula 
as per described in standard texts. It might be 
concluded from the present study that the fish 
population was directly proportional to the limnoiogical 
condition of water. Unfavourable abiotic conditions in 
river Sai have caused decrease in fish population. Thus 
the present observation is supporting the observations 
of Mukhopadhyay and Konar (1985). 
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niLi - 1 : saanplc Msoipnoi or ras or u n su 
3. 
nmr 
Clipeiiu 
EigiilidM 
lotopt<ridi« 
CfftmiM 
U O I U B 
OPFIfl 
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orna 
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t 
I 
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I 
I 
1 
ktootena ckiUla I D. 9(1/8); P. 16; V.6; 1.112-117; C. 12; l . l . 172-180 
I 
I 
I 
ispidooaria lorar ! D. M0(2-3/7); P. 15; r. 8; 1. 12(2/10); C. 19; 
! L.l. 39-41; L.tr. 7.5 / 3.5 
Qttli atpar 
Oela lanlwca 
I D. 9(2/7); P. 10; V. 5; 1. 23(2/21); C. 19; L.1.58-62; 
I L.tr. 17(13/4) 
D. 10; P. 11; T. 5; 1. 23, C. 19, L.l. 34; L.tr. 6/3 
Cirrkiiiis irwla ! D. 15(3/12); P. IB; V. 9; i. 8(2/6); C.15; L.l. 41/43 
L.tr. 6.5/6.5; larbtls 1 Pair 
Jaiio datario ' | D. 18(2/16); P. 1H4; 1. 8; 1. 19(3/16); C. 19; 
! L.l. 46-48; L.tr. 11.5/2.5 
boHS daancig ! D. H(2/6-7); P. 11; 1. 8; 1. 9(3/6); C. 20; 
; L.l. 29-32; L.tr. 8(5/3); lartels 2 Pair 
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I D. 12-14{3/H1); P. 17; y. 9; 1. 8(3/5); C. 17 
; L.l. 42-44; L.tr. 8/8; lartels 2 Pair 
! 0. ll-12{2-3/M0); P. 18; r. 9; 1. 7(2/5); C. 19; 
I L.l. 38-40; L.tr. 7/6-7; larkels 1 Pair 
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4 .H.2 
10.4-17.5 
15.5-18.9 
16.2-21.6 
9.8-10.7 
5.6- 9.7 
5.2- 8.6 
14.5-20.9 
5.9- 6.31 
4.3- 5.51 
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I2.4-I8.7! 
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Sidkri 
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Ldbeodero 
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P u t i l g COBCbOI]l8 
Putiis saraia 
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lotja iuio 
rifl lUKii im-i 
I (ci) luneii 
! I 
D. 2-3/9-10; P. 16; ». 9; i. 7(2/5); C.19; L.l. 37/39 
L.tr. 15(7.5/7.5): Barbels 1 Pair 
0. 16(3/13); P.18-19; ». 9; i. 7(2/5); C. 19; l.l. 14 
l.tr. 7.5/8: larbels 2 Pair 
D. 13(3/10); P. 17; ». 9; i. 7(2/5): C. 19; 
l.l. 4(H2; l.tr. 8/7: larbels 1 Pair 
D. 16(3/13); P. 17; ». 9; 1. 7(2/5); C. 19; 
L.l. 4(M1; l.tr. 7.5/9: Barbels 1 pair 
D. 11(2/9); P. 14-15; V. 10; 1. 34-36(2/32-34); 
C. 19; l.l. 60-65; l.tr. 14/15 
B. 9-10(2/7-8); P. 12(1/11); !. 9; k. 16-17(2/14-15); 
C. 19; l.l. 94-99; l.tr. 17-18/6 • 
D. 11(3/8); P.14-15; If. 9; 1. 8(3/5); C. 19; l.l. 28; 
l.tr. 6.5/5.5; larbels 1 pair 
i. 11(3/8); P. 17; ». 9; 1. 7(2/5); C. 19; l.l. 24-25; 
l.tr. 5-5.5/4-4.5 
J. 11(3/8): P. 14-15; I. 9; 1. 7-8(2-3/5); C.19; 
l.l. 27-28; l.tr. 5.5-6/5.5-6.5 
D. 12(3/9); P. 16; 1. H ; 1. 8(3/5); C. 19; 
L.l. 32-34; L.tr. 6.5/6.5; larbels 2 Pairs 
B. 11(3/8); P. 15; T. 9; i. 8(3/5); C. 19; l.l. 25-27; 
i.tr. 5-5.5/5-5.5 
B. 12(3/9); P. 14; ». 8; 1. 7(2/5); C. 19; 
larbels 4.pairs 
9.H3.4 i 
14.H8. 
16.2-lJ 
fl 
S! 
18.9-22.1 
7.5- 9. 
10.4-15, 2! 
11.2-12.8! 
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D. 8(2/6); P. 8. ». 7, 1. 7(2/5); C. 16, L.l. 115; 
larbels 4 pairs 
D. 4-5; P. 14(1/13); ». 8; 1. 6(^72(2/58-70); C. 18; 
lafbeis 2 Pairs 
D. 5; P. 16(1/15); ». 9-10; 1. 84(4/80); C. 17; 
Barkis 2 l^irs 
D. 1/7/0; P. 1/9; y. 6; 1. 10(3/7); C. 17; 
larbels 4 Pairs 
D. 1/7/0; P. 11(1/10); ». 6; 1. lHl(2/8-9); C. 16; 
larktls 4 Pairs 
J. 1/7/0; P. 1/8; f. 6; 1. 13(3/10); C. 19; 
larkels 4 Pairs 
D. 1/7/0; P. 1/7-8, ». 6; 1. 12(3/9); C. 17; 
Barbels 4 Pairs 
D. 1/7/0; P. (1/10); ». 7; 1. 11(3/8); C. 19 
Barbels 4 Pairs 
D. 1/6/0; P. 1/10; ». 8; 1. 12(4/8); C. 19; 
Barbels 3 Pairs 
D. 1/6/0; P. 1/12; ». 6; i. 13(3/10); C. 17; 
Barbels 4 Pairs 
D. 7(1/6/0); P. 9(1/8); 1. 6(1/5); 1. 14(3/11); C. 19; 
Barbels 4 l^irs 
i. 8(2/6/0); P. 7(1/6); 1. 10(3/7); C. 15; 
Barbels 4 Pairs 
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9.2-14.5 
6.HS.< 
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5.3-8.(1 r 
I 
4.8-5.91 f 
I 
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D. akseit/O; P. 1/14; 1. 6; I. 74; C. 19; 
Barkels 4 Pairs 
D. 1/7/0; P. 1/11; ». 6; i. 33(3/30); C. 17; 
larkels 4 Pairs 
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D. 17; P. 11: 1. 6; i. 16-17; C. 15 
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J. 1*7/1/16-17; P. 12-13; ». 1/5; 1. 3/17; C. 17; 
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l.tr. 2.5/8.5 
D. 15-17/lQ-ll; P. 10; ». 1; i . 15-17/1H7; C. 15; 
l . l . 30-31; L.tr. 5-5.5/11-12 
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0.6/1/9; P. 20; ». 1/5; 1. 1/8; C. 17; L.l. 34; 
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TABLE - II : SITE WISE AND SEASONAL VARIATIONS ^1 
s. 
NO. 
1. 
2. 
3. 
4. 
5. 
6. i 
THE POPULATION OF FISHES 
1 SITE 
' Lohanipur 
Rajghdtur 
Miishiqan) 
Dariyapur 
Jaqdashpur 
Dehta Khurd 
I MONSOON 
1 SEASON 
A 
K 
A 
F 
F 
F 
1 WINTER 
! SEASON 
G 
G 
G 
V 
F 
G 
1 SUMMER 1 
1 SEASON 1 
1 F 1 
P ! 
P I 
P I 
1 
1 
P ! 
1 
1 
1 
P 1 
1 
1 
_ 1 
Abbreviation used 
G 
A 
F 
P 
Good 
Abundant 
Few 
Poor 
STUDIES ON DENSITY. DIVERSITY AND COMPOSITION 
OF ZOOPLANKTONS OF RIVER SAI FROM 
LOHANIPUR TO BEHTA KHURD 
CRAE BARELI) 
26<] 
^STUDIES OS. DENSITY. DIVERSITY AND COMPOSITION OF 
ZOOPLANKTONS OF RIVER SAI FROM LOHANIPUR TO BEHTA 
KHURD(RAEBARELI DISTRICT) 
INTRODUCTION 
In the fresh wdter ecosystem planktons 
constitute a vital link in the food chain and its 
production directly depend on physico chemical features 
of the water.Tho abundance of some sooplankters as 
intermediates in aquatic food web is reported to 
indicate eutrophication of the system. 
Zooplanktons are the integral part of the 
lotic community and contribute significantly to 
biological productivity of fresh water 
ecosystems (Makarewicz and Likens. 1979). Zooplankton 
community is composed of a diverse assemblage of 
organisms that forta a critical intermediary link 
betwee.n the primary producers and higher consumers 
(Meyer and Effler, 1980). Zooplankton forms the next 
higher trophic level in the energy flow after the 
phytoplankton ' (Bhati and Rana, 1987). Zooplanktons of 
river Sai are represented one of the most Important 
taxonomic groups such us protozoa, rotitera. cladocera 
and copepoda. Protozoan zooplanktons serve as food for 
the higher organisms in the food chain (Srivastava 
.1993). Toxic damage to the protozoan communities would 
give indications that the harmful changes were likely to 
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occur in those organisms which were higher in food 
chain (Azizhussain. 1979). Samoath et.al. (1979) have 
recorded rotifers to be the best indicators of water 
pollution. Tlie rotifers also serve as valuable 
indicators of trophic. condition of water quality 
(Sladecek.1983). 
Studies on the zooplanXtons of Indian ravers 
and polluted water have been reported by Sewell. 1924; 
Aroifa, 1931; Sompath et. ai. . 1979; Bilgromi and Datta 
Hunshi, 1979; Patil et. ai., 1983; Sharan, 1985; Singh 
and Singh, 1985; Yousuf and Qadri. 1985; Hague et. al.. 
1988; Srivastava et. aj.., 1989; Datta, 1991; Bilgrami, 
1991 a and 1991 b; Sinha ,1991; and Srivastava, 1991 and 
1993. 
Correlative study of zooplankton distribution, 
their intensity and seasonal abundance in relation to 
environmental parameters is necessary for a correct 
understanding of water resources (Srivastava, 1991) .'Ilie 
water quality affects the abundance and diversity of° a 
large number of species of aquatic animals. In view of 
the importance of zooplanlctons, the present paper deals 
with the observations on the density, diversity and 
composition of zooplan](ton of the river Sai between 
Lohanipur (Rae Bar el i) and Behta Ichurd (Rae Bareli). 
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MATERIALS AND METHODS 
The water samples for the zooplonktori analysis 
were collected from the selected sites of the left and 
right banX of river Sai i.e. Lohanipur, Hajghat, 
Munshiganj, Dariyapur. Jagdishpur and Behta khurd once a 
month between the period from May 1990 to April 1995. 
ITie ^zooplankton samples were collected in 10ml 
plastic tubes with the help of a plankton net made up of 
bolting silk cloth (no.25)dnd a metal ring of 15 °cm. 
diameter attached with a metal handle of one metre 
length (Bilgrami,1986).Samp1ing was done by dipping the 
plankton net in water and moving it against the water 
current of the river for one metre , the water is 
filtered through the sites and planktons with 10 ml. 
water were collected in the bottle connected at the 
distal end of the net. 
The estimation of zooplankton density was 
counted by employing microtransect method as given by 
Lackey (1938) and subsequently modified by Edmondson 
(1974). The zooplankton density as organism /litre 
was estimated by using the formula; 
a X V 
Number of zooplankton organisms/ L = 
V 
where, 
a - Number of plankton per ml 
V = volume of concentrate 
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V = volume of water faltered 
Volume of the water filtered (V) wus calculated by 
V := 71 r2 1 
where, 
r - Radius of plankton net ring 
1 - Column of water filtered 
Species diversity index ( H ) of the zooplankton 
was calculated by using the following formula : 
where, 
H •= • Z (ni/N) log2 (ni/N) 
ni - Number of individuals of each species. 
N - Total number of individuals. 
OBSERVATIONS 
ZOOPLANKTON DENSITY -
The mean, seasonal and site wise varitions of 
zooplankton density recorded from left and right bank of 
river Dai have been shown in Fig. 1 & 2. 
It may be clear from Fig.l & 2 that the 
zooplankton density of the river Sai water ranged 
between 14 no./litre and 285 no./litre at all the 
sampling stations. The maximum density was observed at 
the left bank of Lohanipur in the month of April while 
the minimum density was recorded from the same bank at 
Jagdishpur in July. It has been observed that the 
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zoopldnkton density increoBes during sununer season i.e. 
March to June while it decreases in the monsoon season 
I.e. July to October. 
Tlie density and their compositions are greatly 
affected by the seasonal varitions. During monsoon, 
the maximum zooplankton density was 77 no./litre at the 
right bank of Dariyapur and minimum density of 14 
no./litre at left bank of. Jugdishpur. During winter, the 
maximum concentration was recorded 204 no./litre at 
right bank of Munshjgunj and minimum concentration was 
lb no./litre at right bank of Dariyapur and during 
summer season the maximum density was observed as 2B5 
no./litre at the left bank of Lohanipur while the 
minimum of 20 no./litre at right bank of Dariyapur. 
ITie data on general statistical analysis of 
zooplankton density has been shown in Table-I. An 
examination of the Table-I, it revealed that the maximum 
mean value (167.00 no./litre) was recorded at the left 
bank of Lohanipur while the minimum mean value (32.25 
no./litre) was recorded at the same bank of Jagdishpur. 
It would be evident from the Tables II,III.IV 
that the protozoans, rotifers and crustaceans density 
showed maximum and minimum values. Maximum protozoan 
density, 164 protozoan/Iitre was recorded at the left 
bank of Munshiganj in May while minimum density of 6 
protozoan /litre was recorded at Jagdishpur in July. 
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Maximum rotifer density was observed (115 
rotaters/1itre) at right bank of Munshuganj in Apral and 
mijiimum (6 rotifers/ litre) at left bank of Hajghat and 
right bank of Dariyapur in the month of July, August and 
January respectively. The maximum crustaceans density 
(77 crustaceans/litre) was recorded at Lohanipur in 
April while the minimum density (0 crustaceans/litre) 
was recorded at Duriyupur .Jugdishpur and Dehtakhurd in 
July to April. Crustaceans showed very poor density in 
comparision to protozoans and rotifers. 
ZOOPLANKTON PERCENT -
The percentage of different groups of animals 
recorded are presented in Fig. 3 to 8. The observations 
revealed that the order of percentage was as follows : 
Protozoans > Rotifers > Crustaceans 
Fig. 3 to 8 shows the = higher percentage of 
protozoans (76*) recorded at right bank of Rajghat in 
June and lower (40*) at Lohanipur , Munshiganj and 
Dariyapur in July and November respectively. Rotifer 
population showed the maximum percentage (56*) at right 
bank of Munshiganj in December and the minimum (16%) at 
Jagdishpur in the month of January. Maximum percentage 
(33*) of crustacean population was recorded in the month 
of December at the right bank of Munshiganj while the 
minimum percentage (0*) in different months , at 
Dariyapur, Jagdishpur and Behtakhurd. 
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ZOOPLANKTON DIVERSITY INDEX -
The values of zooplankton daversity index has 
been presented in Table - V. 
It 18 apparent from the data presented in 
Table V would show that the zooplankton daver'sity 
values an river Sui water ranged from 0 .607 to 1 .089 . 
The maximum diversity was recorded at Lohanipur in 
November whereas the minimum ut Jugdishpur in the month 
of January. Diversity index shows that values are mostly 
low at Rajghut, Dariyapur and Jagdiahpur where Sewage 
wastes and effluent is discharged. Generally the values 
of diversity index were below 1. 
ZOOPLANKTON DIVERSITY 
Zooplanktonic fauna of river Sai, collected 
from the selected stations, included a variety of 
protozoans, rotifers, cladocerans and copepods are 
listed below;-
PROTOZOA : 
ActinoDhrvs sp., Amoeba sp.. AreaHa sp.. Bodo 
sp., Certttium sp., Clathrulina sp.. Colpidium sp., 
Pj4>njvm sp. P;ffluq4a sp.. Eualena so..Eualvpha 
SP. .Halteria ap. . Paraupecium sp., Prorodon sp., 
Spirostomum sp., Stentor sp., Stvlonchia sp., 
Tetrahvmena sp; and Vorticella sp. 
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ROTIFERA 
AnuraeoDsiB sp. , Ascomorpha sp. , Asplanchna 
3p. . BrachionuB dimidiatus. Brachionus quadridentata. 
Cathvpna sp. Ceohalodella sp. , Colurus sp. .Dlaschiza 
Bp..Epiphanes sp. , Euchlanie sp. , Filinia lonaiseta. 
Keratella cochlearls . Keratella tropica. Keratella sp. , 
Notholea labls .Phllodina sp. , Rattulus sp. , Rotarla 
vlvipera and Rotifer neptunls. 
CLADOCERA : 
Bosmina sp.. Daphnia sp.. Moina sp., 
Centrocypris sp. and Cypris sp. 
COPEPODA ; 
Cyclops sp. , Canthocamptus sp. Diaptomus 
sp. and Nauplius larva. 
DISCUSSION 
Tlje , biotic life of the river water was found 
be affected directly by its physico-chemical 
properties .'nie aquatic biotu was one of the biological 
indicators of water pollution and can be used as tools 
in monitoring the pollution m the aquatic system. Most 
of the rivers in India are seasonal and have become 
polluted due to the discharge of domestic and industrial 
wastes. These wastes cause undesirable conditions and do 
severe damage to the aquatic fauna. Studies on 
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zooplankton density and diversity of lotic and lentic 
aquatic system have been carried out by Bilgrami and 
Datta Munshi . 1979 ; 1985 ; Sreenivasan et ,ai.. 1979; 
Desai et. ai.,1983 ; Patil et. ai.. 1986 ; Singh, 1986; 
Sharma . 1987 ; Srivastava jgt. ai. , 1989; 1991; 1993 
and 1994 ; Sinha et. aj.. 1992 etc. as reviewed earlier. 
Tlie present studies carried out for the first 
> 
time in the river Sai stretch between Lohanipur and 
Behta khurd in Rae Bareli district revealed that the 
zooplankton density and diversity were dependent upon 
the physico-chemical characteristics of the river water. 
The present studies are thus in agreement with those 
mentioned above. 
Tlio predominance of cyclopoida.copepods and 
cladocerans observed in the zooplankton samples in 
general indicate the incidence of organic pollution 
(Anthony et. ai.1979).Singh and Singh (1985) reported 
that zooplanktons favoured less light and moderate 
temperature while DO was directly related with 
dissolved oxygen . Laal et^. ai. 1986 .pointed out that 
poor density of zooplankton and abiotic parameters 
indicated oligotrophic condition. 
Since variety of rotifers were found in large 
numbers at Rajghat,Dariyapur,Jagdishpur and Behta 
khurd,it is evident that these are pollution tolerant 
forms as these sites have been observed to be most 
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polluted sites in the present studios.This condition is 
also reported by Patil e^. aj.. (1986) who regarded 
rotifers to be indicator of pollution.The seasonal 
occurrence and abundance of different species of 
rotifers showed that K^ . tropica. K. procurva and B^ . 
quadridentata were specially abundant throughout the 
study period which was in agreement with the findings of 
Srivastava et. al.. 1994. 
Shanker (1986),reported the clear and polluted 
planktons of river Ganga. 
Zooplankton Indicators 
of clear water 
Zooplankton Indicators 
of polluted water 
Vorticella sp. 
Euqlena sp. 
Euistvlis sp. 
Monostylg sp, 
Filinia sp. 
Cyclops sp. 
Ciliata sp. 
Daphnia sp. 
Moina sp. 
Arcella sp. 
Colpedium sp. 
Drochionus sp, 
Platygs sp. 
A1ova sp. 
Michael (1964) correlated the abundance of, 
rotifers such as Brachionu^ sp., Anuraeopsis sp. and 
Keratella sp. to higher alkalinity and temperature 
conditions. Arora (1973) emphasized the role of rotifers 
in assessing the environmental condition of receiving 
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wdter. 
Prabhavathy and Sreenivasan (1977) concluded 
that rotifers existed in harder waters with high 
alXalinity m great variety and number and tolerated low 
dissolved oxygen content. They also concluded that 
rotifers existed in warm water with high temperature and 
pollution. According to Sreenivasan Q^. al. (1979X 
Brachionus rubens and Hexarthra sp. are tolerant of 
very high chloride and hardness. 
"Die zooplankton population of the river Sai 
increased in suiumers might be due to the presence of 
higher population of bacteria. Plankton depends upon 
water quality, remains of the dead and decaying 
vegetations as well as burnt and halt burnt bodies 
which resulted in the increase in the organic matter 
while it decreased in monsoon season owing to the 
various hydrological features of the river water 
erosion . lieas^  silt load ,low DO, high speed of water-
current and various toxic substances. 
The percentage of protozoans was generally 
higher during all the,seasons as compared to that of 
other groups, llie decline in its percentage was in the 
order- ;protozoans > rotifers > crustaceans .'ITiis did not 
agree with the findings of Yousuf (1989), wlio reported 
that the rotifers were dominant among the entire group 
of the zooplanXton in river Ganga. 
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studies of species diversity indices vary 
directly in relation to pollution stress (Prasad and 
Singh .1982). According to Bilgromi (1988), who reported 
that the diversity of species in the population of 
living organism was a reliable index to judge the status 
of the system. Lewis (1970) hod concluded that species 
diversity was a statistical abstraction with two 
components which reflected the number of species and 
distribution of the individuals of all species at a 
particular site . 
Wilhm and Dorris (1966) presented a 
relationship, between species diversity and pollution 
status of the sampling sites. Accordingly the following 
was proposed : 
Gpecies diversity Pollution status of 
the site 
> 3 
1 - 3 
< 1 
Clean 
Moderately polluted 
Heavi1y po11uted 
Staub ei- oj.. (1970) has proposed another 
scale of pollution in relation to diversity which was as 
follows: 
Species diversity 272 
3.0 - 4.b JJlight pollution 
2.0 -3.0 Light pollution 
1.0 - 2.0 Moderate pollution 
0.0 1.0 Heavy pollution 
The present findings . when compared with the 
scale of Wilhm and Dorris (1966). proved that generally 
species diversity values ranged between 0 and 2 which is 
an indicator of moderate pollution to heavy pollution 
Mostly values were found below 1 which is a sign of 
heavy pollutior» load of this stretch. It is therefore, 
concluded that the zooplanJcton diversity might be used 
as an indication of the water quality of the selected 
sites of river Sai . 
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ZOOBENTHQS DENSITY AND DIVERSITY OF RIVER SAI 
BETWEEN LOHANIPUR M S £302 KHURD ^  BA£ BARELI 
INTRODUCTION 
The term "benthos" encompasses plants and 
animals living on the bottom of the river water. Th« 
benthos occupies an important position in the river 
ecosystem, serving as a link between primary producers, 
decomposers and higher trophic levels. It also plays an 
important role in the decomposer food chain which, in 
turn, affects the cycling of minerals (Gardemer 
et.aT:.. 1981).Hynes (1962) pointed out that the 
macroinvertebrates might be the best indicators of 
pollution while Wass (1967) reported that the bonthic 
species were indicators of water quality. Khare fit. al. 
(1979)reported that the living aquatic organisms 
. determined the nature of water, its extent of purity and 
hygienic levels while Krishnamoorthi and Sarkar (1979) 
stated, that the fresh waters i.e. oligosaprobic rivers 
and the oligotrophic lakes were characterised by the 
presence of pollution sensitive forms i.e. trichoptera, 
plecoptera and ephemeroptera. 
The theory that the benthic species are 
indicators of water quality, has been supported by some 
workers viz. Patil et. aj... 1986; Reddy and Rao, 1987; 
Ahmad and Singh. 1989; Negi and Singh, 1990; Pandit ^ . 
AI-^ 1991, Among J otic yfat»r hodiea, rivora receive a 
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huge quantit/ of Indiscriminate waste from various 
industries and factories, which ultimately affect the 
benthic forms of the river. It was Pahwa (1979) and 
Khare e^. SLJL- (1979) who have made ecological studies of 
mapro-organism community of river Ganga at Kanpur. Sinha 
(1988) conducted studies on the benthic community and 
its density in river Ganga from Shuklaganj to 
Kalakankar. Ahmad and Singh (1989) made a comparative 
study of benthic fauna of ientic (ponds/tanks) and lotic 
(river Ganga) water body around Patna. Srivastava (1991) 
has made studies on benthic density and diversity of 
river Ganga between Shuklaganj (Unnao) and Kalakankar 
(Pratapgarh). While recently Srivastava (1993) has 
reported the density and diversity of zoobenthos in 
river Ganga between Kalakankar (Pratapgarh) ^ and 
Phaphamau (Allahabad). Anwar and Siddiqui (1988) studied 
the distribution and dynamics of macro - invertebrate 
fauna of the river Kali. Trivedy fit. il.- (1989) hav^ 
reported benthic macroinvertebratos as indicators of 
pollution in the river Krishna. Negi and Singh (1990) 
have reported substratum as determining factor for 
bottom fauna in the river Alaknanda. Augustine and Dlifan 
•(1991) conducted population dynamics of nidge worms with 
relation to pollution in river Kshipra. Ahmed and 
Parveen (1991) reported fluctuations in population 
density of soil nematodes around river Nosam. 
So far as the author is aware and as clear 
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from the abovo account, no attempt has been made to 
study the zoobenthos density, diversity and coinnunity of 
the river Sai .^  Hence, the present studies have been 
carried out on the zoobenthos density and diversity in 
this stretch of river Sai with special reference °to 
water quality at selected sites between Lohanipur and 
Behta Khurd of Rae Daxeli district. 
MATERIALS AND METHiODS 
The zoobenthos were collected with the help of 
quadrate of the size 20 X 20 cms. and hand digging (2 
CHUB. deep). Samples were collected from loft and right 
banXs of each sampling sites of the river water and 
brought to the laboratory where samples were seived 
tlirough standard seive of 120 B.B.S. as described by 
Michael (1964) and then sorted out into groups, 
identified and counted with the help of binocular 
microscope and hand lens. Zoobenthos density has been 
expressed as number of organisms per square metre of the 
2cm8. deep bottom sediments. Animals wer^ identified 
with the help of standard texts (Austen. 1882; Distant, 
1903 a ; Distant. 1903 b ; Ward and Whipple. 1918; 
Nellanby. 1979; Tonapl. 1985 and Adonl fil. A!.. 1985). 
The species diversity index of the zoobenthos 
was computed for each month by using the formula 
presented by Shannon and Weaver (1963). 
H » - £(ni/N logj ni/N) 
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ni - Number of individuuls of Bpecles. 
N - Total number of individuals. 
In order to correlate the observations on 
benthic density and diversity with physico - chemical 
parameters the some sites were estimated during these 
studies. 
OBSERVATIONS 
ZOOBENTHOS DENSITY-
llie mean value of zoobenthos density of river 
Sai water* between Lohanipur and Behta Klmrd at Rae 
Bareli during the period from May 1990 to April 1995 has 
been shown in Fig. 1 & 2. 
An examination of the data presented in the 
Fig. 1 & 2 clearly reveals that density of zoobenthos 
increases gradually from October to Nay and Juno and 
gradually decreases upto Septeoibor. The benthic density 
was observed to range between 25 no./metre** and 9900 
no./metre . The maximum density was recorded at "right 
' bank of Behta Khurd in the month of Nay while the 
minimum value was recorded at left bank of Lohanipur in 
the month of August. It has been observed that the 
benthic density was the maximum during summers and 
minimum during monsoon at all the sites. 
The data on statistical analysis of zoobenthos 
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density bus boon shown in Table ~ I. An examination of 
, the Table -I, reveals that the maximum mean value 
4629.17 no./metre^ and 4060.90 S.D. was recorded at 
right bank of Behtakhurd while the minimum mean value 
706.25 no./metro^ and 540.95 S.D. was recorded at left 
bank of Lohanipur. 
It would be clear trom the Table - II, III, IV 
. and V that the annelids density showed maximum values 
5525 no./metro^ which was recorded at the right bank of 
Dehta Klmrd in the month of March while minimum density 
0 no./metre'' was recorded at Lohanipur and Rajghat in 
the month of July to September respectively, llie maximum 
arthropods density 4825 no./metre'' was observed at left 
bank of Bohto Khurd in the month of March and Juno while 
the minimum density 0 no./metre was recorded at 
Lohanipur and Rajghat in the month of July to September. 
2 
Maximum molluscs density 1325 no./metre was recorded at 
left bank of Munshiganj in the month of May while 
minimum 0 no./metre'' was found at left bank of Rajghat, 
Jagdishpur and right bank of Dariyapur in the different 
months. The maximum miscellaneous density 800 no./metre^ 
was recorded at left bank of Rajghat and right bank of 
Behta Khurd in the month of April and May while the 
minimum density 0 no./metre'' was observed at different 
sites in the various months. 
ZOOBENTHOS PERCENT-
Fig. 3 to 6 show tho zoobonthos percentage of 
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tho some aite was also estimated during these studies. 
An examination of these results revealed that generally 
arthropods and molluscs showed good percentage in 
comparison to other groups. Tlie percentage of arthropods 
population was maximum in summex' months while the 
maximum percentage of molluscs in monsoon months. 
200BEWTH03 DIVERSITY INDEX -
Diversity index of zoobenthos has bean 
presented in Table VI. An examination of the data of 
zoobenthos diversity value in Sal water ranged between 
0.000 and 1.351. Maximum diversity value was observed at 
Lohanipur in the month of March while minimum diversity 
value was observed at Lohanipur and both banXs of 
Rajghat in the months of August and September 
respectively. Monthly and sitewise diversity index 
variations have also been shown in these tables. 
Generally the zoobenthos diver-sity index were below 1. 
aOQPEHTHOS DiVERsrry-
A variety of bcnthic fauna of river Sai were 
represented by nematodes, annelids, arthropods and 
molluscs. These benthos were represented among nematodes 
by P9rYUi«Vtg stttcmttlis and Rhabdolaimus sp. omong 
annelids bv Chaetoaaster sp. . Dero sp. . £J[JL1A sp. and 
Tubifex sp.; among arthropods by Bosmina sp., 
Cant?>09a|pptUg sp., C?y<?|9Pg sp. Centrocvpris sp., ^vDris 
sp., PflP?>nJ^  sp., DlttPtomus sp., Mointt sp. , dragon 
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fly nymph, damsel fly nymph, CaenIs sp., Sialis larva, 
Corixa sp.. Neoa sp., Notonecta sp., g^ qftrfl sp., 
Belostoma sp., Parittopus rufus. Hy4roPffyct>e larvae, 
Chironomus larvae. Eristalis sp. , f<?r<?iP9iffyaff larvae, 
Hvarob^tee sp. etc. and among molluscs by Girulua 
coppressus. Helix exual. X^ ymnyft ftffiyq4ftl9Ug» lffflflng4dW 
tuberculatus, Melanoides sp.. Vivipera bsQg&lfiQfii£, 
Vivjpera craasa• Planerhis exustus. Anodonta sp. and 
Lamellidens morsiinsLUJS.' 
It was observed that some benthic fauna were 
dominant and abundant at paxticular sites while others 
wore restricted or rare at the sites. Few species liXe 
Belostoma SP. . Corixa SP. . gerrlg sp.. fifiJBA rslOlSl^ Ufi' 
Notonecta sp.. Hvdropsvche larvae. Chironomus sp.. 
Tub!fex sp., ^istalis sp. were found to bo dominant or 
abundant; among insects and annelids Onvchooamohus sp., 
Perla hipunctata. Ranatra elonaata were found to be 
absent at different sites. At all the sites, among 
molluscs, Anodonta SP..Vivipera benoalensis. Vivipera 
crassa. Lamellidens pwrq^QaUg and Melanoides 
tuberculatus mainly represented the benthic organisms. 
DISCUSSION 
Benthic organisms are one of the major 
component of a food web in aquatic ecos/tems. The 
coinnunity in a healthy river is made up of different 
species of organisms. The present study regarding the 
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zoobenthos density and population were observed to vary 
with the quality of water. The maximum density of 
benthos calculated at Ha.Jghat, Oariyapur, Jagdishpur and 
Bohta Khurd might bo duo to tho prosonco ot a large 
humbor of Chironomus sp. and Tubafex sp. These species 
have also been xegarded as bioindicators of pollution of 
wator by Shrivastava, 1962; Brinkhurst, 1966 and 1974; 
Reddy and Rao, 1987; Sinha. 1988; Trivedi s^. al., 1989; 
Sharma Q^. ai-, 1990; Srivastava. 1991 and 1993; Sharma 
and Nathur. 1992. 
Srivastava (1991) observed that these 
organisms remained in organically polluted areas. It is 
pertinent to note horo that those sites receive 
discharges from factories, tanneries, power houses and 
sewage which might be responsible tor high bonthic 
density, dissolved oxygen content and alkaline tendency 
of water at those sites which supported tho findings of 
Gaufin and Tarzwell (1952) and Gaufin (1958). Hynes 
(1960) pointed out that Tendipodidao and Tubifex renoain 
in organically polluted water. Ho concluded that these 
species wore well tolerant of organic pol lution.Tt'ivodi 
et. al. (1989) pointed out that higher densities of 
Tubifex sp. and (HiironomuB larvae indicated enrichment 
of the polluted sites. It could be concluded that 
bonthic macroinvertobratos served as a reliable 
indicators of organic pollution. At Munshiganj, density 
was observed mainly duo to the excess number of 
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molluBCS. At Lohanipur aite, the bonthic density was 
observed due to the largo number of Corixa sp. , 
Notonecta sp., Neoa sp. and dragon fly nymph. It has 
been reported that Eristalis sp. and Tubifex sp.have 
been associated only with strong sewage pollution and 
anoxic water (Tarzwell, 1956; Arora, 1961). Khare et. 
al. (1979) studied the macro organisms of river Ganga 
and reported that in unfavourable conditions the number 
o 
of pollution intolerant species wore reduced while the 
number of indicator organisms increased, which supports 
our observations. According to Anwar and Siddiqui 
(1986), the distribution of macro-invertebrate fauna 
appeared to be related with temperature and dissolved 
oxygon content while Ruttner (1963) stated that the 
distribution of macro-invertebrates influenced by a 
number of envirormiontal factors. Rhodes (1982) have 
reported high population of HvdroDsvche sp. at the 
discharge points of pulp and paper industries in the 
lotic habitat. It has been observed that tho density of 
bioindicators was high at those sites whefe cremation 
took place. Tlie continuous human interforenco and sewage 
discharge also reduce the diversity and density of 
bonthic fauna (Achuthankutty £t. oj.. , 1978). 
The seasonal variations among benthos 
coomunity at all tho sites revealed that the maximum 
number of different groups were recorded during summer 
and tho minimum during monsoon. Similar observations 
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hdvo been mdde by (Sharma and Mathur, 1992; Srivastava, 
1993). Thoy also reported greater nuj/il)er of benthic 
fauna in sununer months. 
Wilhm and Dorris (1968) suggented the utility 
of species diversity index (Shannon Weaver index) in 
assessing water quality. Species divertiity indices are 
known to indicate the pollution level of an environment 
(Llyod fit. aj.. , 1968). Our results showed that the 
benthic diversity was quite low at pollited sites where 
effluent discharge took place while it vas comparatively 
high at the remaining sites. When the observations ware 
compared with the scale of pollution given by Staub yt. 
al. (1970) it became apparent that the selected sites in 
the present studies were lightly polluted to heavily 
polluted. Mahadevan and Krishnaswamy (1984) studied the 
applicability of species diversity index of river 
Vaigai, reported that the diversity lacked the 
sensitivity to demonstrate dillerenceti in pollution 
levels. 
'Hie present studies clearly revealed that the 
benthic density was indirectly related to the water 
quality. It might thus concluded that continuous 
discharge of effluent, sewage and cremation might affect 
the density and diversity of benthic fauna of river Sai 
and their values might be indicative of the level of 
pollution of that site. Human interference might also 
play an important role in the distribution of animals. 
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HABOVTOLOGY OF FRESH WATER FISHES WITH REFERENCE 
TO I-PMRJH, SEX AND POLLUTION 
INTRODUCTION 
The work on the haematoiogy of Indian fresh 
water fishou is meagre. TTie blood picture of fishes, 
compared to other vertebrato£3, is still not well known, 
the reason being the diversified aquatic environment 
which barely maintains the physiological condition of 
the fish. lesser volume of blood and extreme 
difficulties in obtaining blood samples, fragmentary 
nature of the availoblo data and lack of proper 
utilisation of the modern methods of research on the 
.fish blood. Saghlr s^. ^ . (1968) reported the 
differential blood cell counts of four species of fresh 
water air breathing fishes. Joshi (1982) has published 
an account on the erythrocyte size and its physiological 
importance in some fresh water teleosts while Chondar 
(1982) reported the largo and oval erythrocytes and 
small rounded leucocytes in fishes. Banerjee and 
Banerjee (1988) reported the thrombocyte count and 
coagulation time of the fishes Heterooneustea foagilis 
and Rita rlta with special reference to the Increasing 
body length, sex and seasonal changes in haematological 
characteristics of fishes exposed to toxicants. Similar 
observations have been reported by Ral and Qayyua 
(1984), Sallajaraghuram and Naidu (1984) and Srlnivasa 
fii* Ai- (1989). So far as the authors are aware the 
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hatsma to logical studies on Sai rivor fishes in relation 
to length, sex and pollution have not yet been carried 
out. 
Hie present studies have .. therefore, been 
carried out on the total erythrocyte counts and size and 
differential leucocyte counts of two fishes Labeo JZflJcfl 
and Rita rit& in relation to length, sex and pollution 
of river Sai. 
MATERIALS AND METHODS: 
Specimens of Labeo bata and R I U r*tft were 
collected from river Sai between Lohanipur and 
BehtaXhurd (Kae Bareli). The length of the fishes was 
measured in centimetres. TTie blood was collected by 
ampulating the peduncle. The blood smears were also 
made. Simultaneously these were stained with Leishman or 
Giemsa stains. The erythrocytes were counted as per the 
method described by Dacie and Lewis (1975). 
Erythrocytes and different leucocytes 
measurements were made through oculomicrometer (Joahi, 
1973; Pandey, 1976). Figures were drawn with the help of 
camera - lucida. 
The differential leucocyte counts were put 
down as the mean of the best of its two smears. The 
cells observed were categorised as large lymphocyte, 
small lymphocyte, monocyte, haemoblaat, eosinophil. 
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neutrophil, bat»uplul and thrombocyte. 
OBSERVATIONS 
Table 1 shows the body length, sex ancf total 
erythrocyte count of the fishes. TTie standard body 
length varied from 17.35-17,00 and 18.5-16.7 cms in 
males and females of Labeo bata and Rita rita. The 
maximum (IB.5 cms) and minimum (16.7 cms) length was 
observed in male and female fishes of Rita rita 
respectively. Erythrocyte count ranged from 2.9 to 
1.9 and 2.5 to 1.6 million/mm'^ in male and 
female fishes respectively. The maximun value of total 
erythrocyto count was recorded in male fish of the g«nu8 
Labeo bata and the minimum was recorded in female fish 
of Rita rita. Largest size of erythrocyte cells and 
nucleus was observed in Rita rita. 
Table II indicates about WBC, it was observed 
that the maximum percentage of large lymphocytes were 
found in Labeo bata. while maximum thrombocytes were 
recorded in Rita rita. Haemoblast cells were absent in 
Labeo bata. It was also observed that percentage of 
large lymphocyte, small lymphocyte and thrombocyte were 
higher than other cells in both fishes. 
DISCUSSION 
Our observations are in contrast to other 
similar studies made on riverine fishes of Hooghly 
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(Pillay, 1957); Gomati (Joshi, 1973 and Pandey, 1976); 
and Alknanda (Bhatta and Singh, 1985). 
Srivastava (1968) reported that large sized 
tiah Amphipnoua cuchia has large sized red blood cell as 
wa's seen in our studios where us Rita rita which is ot 
largo size had larger R.B.C. thereby explaining that the 
size of the red blood cell is directly proportional to 
the size of the tish. Joshi (1982) has reported that a 
small sized species have small sized cells. The 
observations presented in this paper confirm the above 
contention. 
Pandey and Pandey (1977), Raizada and Singh 
(1980) have reported significant differences in blood 
parameters of both sexes of fishes. Hie higher total 
erythrocyte counts in males as compared to females is 
due to the hortoonal factors in the females, Bhatta and 
Singh (1985), and Natarajan (1981). Higher metabolic 
activity could be responsible for higher R.B.C. counts 
in znalos than in females, Bhatta and Singh (1985) and 
Pandey and Pandey (1977). TTiis corresponds to the 
results of our studies. 
3 
Erythrocyte count per mm of blood in Rita 
rita of unpolluted zones is reported to be less than 
those in industrial zones (Muckopadhvav et. al.. 1987). 
Garg e^ ,. ai. (1989) have observed that the number of RBC 
decreased while the number of WBC increased 
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significantly m all the manganese exposed Channa 
Punctatus. 
Considerable differences have been observed 
between the differential counts of Labeo bata and Rita 
rita. Tlie thrombocytes comprise the largest group of 
leucocytes of which the small lymphocytes are oiore 
numerous. The small lymphocytes are variable in the size 
as earlier reported by Saunders (1968) and Khan and 
Qayyum (1969). The neutrophils show a fairly high 
percentage as reported by Khan and Qayyum (1969). ITie 
hemoblasts axe quite rare in Rita rita and completely 
absent in Labeo bata. Tlie thrombocytes are smallest and 
highly numerous cells. Their mean percentage is similar 
to that of certain Indian fishes studied by Ohar (1948). 
TTirombocytes were highly variable in both the 
sexes with increasing body length. Tliis increasing 
tendency in thrombocyte with body length was also 
reported in carps (Prasad and Banerjee, 1982) but in 
Clariae higher rate of increase was in males during 
summer and rainy seasons only, (Banerjee, 1984). In Rita 
rita variations in thrombocyte were different from that 
of Labeo bata. 
T?ie higher values of haema to logical parameters 
recorded in two fishes studied in this laboratory could 
be due to the effect of toxic substances present in the 
river Sai. Sinha fit. ai- (1985) have reported hi<i)her 
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concentration of heavy metals in river Sai. Due to the 
environmental stress on food chain system and feeding 
intensity of the fish, the toxicants present in the 
river Sai water get accumulated in the various organs of 
the fish, affecting their norxnal health which may lead 
to deterioration in haematological conditions. Our 
conclusions thus support the findings of Nuckhopadhyay 
et. ttl. (1987) and Srivastava (1993). Calabrese £t. A1-
(1975) were of the opinion that the deterioration of 
haematological conditions in fishes could be indicative 
of stress in the habitat of the fish. 
l"he observations show that there are 
variations in the blood constituents of different 
o 
species and also individuals of the same species of 
fish. The former may be attributed to ecological factors 
while the latter may be correlated with size, sex and 
pollution. 
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ENERGIC VALUES OF CERTAIN INVERTEBRATES AND VERTEBRATES 
m RELATION IQ WATER QUALITY Q£ RIVER SAI 
INTRODUCTION 
Energy is t^ e capacity to do work and out of 
the various forms chemical radiant and heat energV are 
of groat importance to the living organisms (Adoni. 
1985). All forms of energy are interconvertable. 'Vhe 
food having carbohydrate, fat and protein are classified 
as energy and growth food while those having minerals, 
vitamins, water and oxygen are termed as non-energy 
food. In the food chain, energy is transferred from one 
organism to the other in the form of food. 
Energies deal primarily with the efficiency 
with which the quantity of incident energy per unit area 
is converted into biochemical energy by the organisms of 
the first trophic level and the subsequent flow of this 
energy through higher trophic levels in the system. 
Since some of the living organisms are not capable of 
utilizing the solar energy and converting it into 
chemical energy, they depend on the energy basically 
provided by the green plants and passes through 
herbivorous to carnivorous animals. According to Odum 
(1971) the energies of an ecosystem is always of great 
importance in understanding the properties of the 
ecosystem. , I'herefore, the energies or the calorific 
values of living organisms may provide an indication of 
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the type of tood being utilized by that organism. 
studies on the energies or the calorific 
values of aquatic animals have been carried out by a 
large number of scientists like Bilgromi and Datta 
Munahi (1979); Afsar et.ai.(1983); Chauhan and 
Singh(1986);.Gopalan et.ai.(1987) ; Yasmin e^. ai.(1990); 
Sinha (1990); Srivastava (1991. 1993) & Srivastava 
eit.ii.. (1994). So far as the author is aware no attempt 
appears to have been made to study the calorific values 
of aquatic animals in relation to the water quality of 
rxver Sai. Hence, the present studies and the 
observations have been presented in this paper. 
MATERIALS AND METHODS 
'or the analysis both invertebrates and 
vertebrates were selected on the basis of their 
presence. Selected invertebrates were Annelids 
(Eiseniella sp., Tubifex ap.); Arthropods 
(Macrobrachium \r^r^*^yr-^} , Corixa sp.. Plea leachi. 
Hvdrometra staanorum. Dragonfly nymph. Mayfly nymph and 
Chironomua larvae); Mollusca (Anodonta sp. LomellldenB" 
marolnaliST .Melanoides tuberculatua. Vivjpera 
bengalensis , Limnea sp.) While the vei^tebrates 
selected were Pisbes ( Wa11ago attu. , Rita rita. 
Eutropiichthys vacha . Labeo calbasu and Mastacembelus 
pancalus). Since Wa11ago attu was found abundant 
in all seasons ; the seasonal variation of only 
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this fish was studied. 
The selected animals used for the present 
studies were collected from the selected sites of river 
Sai at Rae Bareli. 
For estimation of calorific values of selected 
animals, the titrametric method of Adoni (1985) and 
Trivedi et. CLI- (1987) was used with modifications. 
The principle of this method is that the 
amount of oxygen consumed in oxidizing the organic 
matter is measured Jay its oxidabiiity and the oxygen 
value converted to the energy it represents (Oxycaloric 
Coefficient is 3.38). The actual procedure used is as 
follows: 
REAGENTS USED: 
1. Potassium iodate solution.5% : 
b.Ogm potassium iodate was dissolved in 100ml 
of distilled water. 
2. Potassium iodide solution. IQ^ s^ : 
lO.Ogm of potassium iodide was dissolved in 
100ml distilled water. 
3. Sodium thiosulohate solution. 0.IN : 
6.205gm of sodium thiosulphate was dissolved 
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in 2b0ml of distilled water. 
4. Cone. Ho SO^ 
b. Starch indicator 
It WQs prepared in the same way as it was 
prepared for the estimation of BOD. 
PROCEDURE ; 
Hie collected samples were washed with fresh 
water and kept m oven at 100°C for 24 hrs. 10 mg of 
this dried sample was taken into a round bottom flask of 
reflux condensor and 3ml of cone. 112^ 0^4 was added to it. 
This sample was refluxed for 1 hour and then cooled. "Die 
cooled greenish yellow solution was then diluted with 50 
70 ml of distilled water. The sample was heated till 
the colour changed to lilac and the smell of iodine 
disappeared but the solution should not get boiled. 
After cooling the solution, the distilled water was 
added to make the solution 250 ml. 'ITien it was 
transferred to a bOO ml conical flask. Thereafter, 10 mi 
of potassium iodide solution was added to it and this 
solution was kept in a dark place for 10 minutes. I'hen 
this solution was titrated with O.IN Codium thiosulphate 
•solution by using the starch as indicator (A) . A blank 
experiment was also done in the same manner (B). 
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Calculation : 
llie calorific ' values ot the Qnimols were 
0 
calculated with the help ot the followang tormula-
Energy content cal/gm dry wt= 
(D A) X 3.b67 X 0.1069 X 3.30 
S 
where. 
A - Titrant used tor sample (ml) 
13 = Titrant used tor blank (ml) 
3 - Weight of dry sample (gm) 
The results of energic value have been given 
m cal/gm dry wt. ot animal tissue. 
OBSERVATIONS 
"ITie energic or calorific values of certain 
selected invertebrates collected from river Sai have 
been summarized in Table I while those of selected 
vertebrates in Table - li. 
It IS apparent from the data presented in 
Table - 1 that the calorific values of invertebrates 
ranged between 721.1427 cal/gm dry wt. and 5868.7017 
cal/gm dry wt. at all the sampling sites. The following 
pattern was observed in different groups of 
invertebrates .-
Anne IIda. 
Tubifex sp. > Eiseniella sp. 
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The maximum calorific value (5260.1710 cal/gm 
dry wt.) was observed in Tubifex sp. at Jagdishpur while 
the minimum value (2481.3692 cal/qm dry wt.) was 
recorded in Eiseniella sp. at the same site. 
Arthropods: 
Chironomus larvae > Macrobrachium 1amnerrei > 
Dragon fly nymph > Corixa sp. > Hydrometra gtagnoruffi > 
May fly nymph > Plea leachi. 
'ITie maximum calorific value of (5868.7017 
cal/gm dry wt.) was observed in Chironomus larvae at 
Jagdishpur while the minimum value (721.1427 cal/gm dry 
wt.) was noted in Plea leachi at the same site. ITie data 
also indicated' that the animals living inthe low oxygen 
concentration water had maximum calorific values. 
Mo11uses: 
T.^ mfti 1 i dang marginal Js > Anodonta sp. > 
Melanoides tuberculatus Limnea sp. > Vivipera 
benaalensis. 
The maximum calorific,value was recorded in 
LameHidens marginal is (3957.4950 cal/gm dry wt.) at 
Munphigan) and the minimum was recorded in Vavaper^ i^  
bengalensis (961.8773 cal/gm dry wt.) at Jagdishpur. 
Vertebrates; 
325 
Fishegi 
The trend ot calorific values in selected 
fishes were as follows. 
Wallago attu > Rita rita > 
Eutrop11chthys vacha > Labeo 
o 
calbasu > Mastacembelus oancalus. 
Wall ago aJLtu showed the maximum calorific 
value (5624.8557 cal/gm dry wt.) collected from 
Munshigani while the minimum value of 1799.6005 cal/gm 
dry wt. was recorded in Mastacembe1us oancalus collected 
from Jagdishpur. 
Site wise variations of calorific values have 
also been observed. It was revealed that the molluscs 
and fishes showed higher calorific values at purer sites 
and lower values at comparatively polluted sites. 
Carnivorous fishes i.e. Wa11ago attu. Rita rita^ 
Eutroplichthvs vacha.showed higher calorific values than 
the herbivorous and omnivorous. While in the case of 
annelids and arthropods, pollution indicators liXe 
Tubifex sp. and Chironomus larvae, which live in the low 
oxygen concentration atmosphere, showed higher calorific 
values at the places where effluents or sewage discharge 
takes place. While most of the animals showed higher 
calorific values at those sites where cremation took 
place or organic matter was found in large quantity, it 
was also observed that the feeding behaviour of animals 
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was directly related with the calorific values of 
animals. 
Seasonal variation m the calorific values of 
Wa 11ago attu which has been presented in Table - III 
revealed that the anergic values of Wa11ago attu were 
observed to range between 968.9415 cal/gm dry wt. and 
5624.0557 cal/gm dry wt. ut all the sites. It has been 
observed that the maximum energic values was recorded in 
winter season while the minimum energic values was 
observed in summer season which gradually increased in 
the monsoon season. 
During monsoon, the maximum calorific value 
was 2298.4194 cal/gm dry wt at Munshiganj and minimum 
value was 1780.1483 cal/gm dry wt at JaQdishpur. During 
winter. the maximum calorific value was recorded 
5624.8557 cal/gm dry wt at Munshiganj while the minimum 
value was observed 2974.4251 cal/gm dry wt at 
Jagdishpur and during summer, the maximum energic values 
was observed as 1667.4807 cal/gm dry wt at Lohanipur and 
.minimum value was recorded 0968.9415 cal/gm dry wt at 
Jagdishpur. 
DISCUSSION 
Energic or calorific values of an anioial has 
been observed to be directly related to its water 
quality. Winberg (1971) stated that the energy content 
of the dry substance of acquatic organisms varied from 
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0.2 to 0.0 k.cal/gm owing to the variations in the 
proportions of minerals to the organic fractions. Mishra 
et. ai.(1985), reported that the feeding habit ot a 
particular organism might influence its cal/gm content. 
Nutrients get concentrated as they pass through a food 
chain in contrast to the energy which flows 
progressively from a lower trophic level to a higher 
trophic level. Tubifex sp, and Chironomus larvae showed 
higher calorific values at polluted sites where effluent 
or* sewage wastes were discharged. 'ITie tolerance capacity 
of Chironomids to live in polluted site is probably due 
to the presence of blood plasma in their body. Our 
observations are in agreement with those of Srivastava 
(1993) who concluded that the Chironomid, a pollution 
tolerant or pollution indicator species showed higher 
energic values at polluted sites and lower energic 
values at comparatively pure sites.It is interesting to 
note thot molluscs show higher calorific values at those 
sites where higher organic matter is available or 
cremation takes place than at those sites where effluent 
discharge takes place. 
According to Varshney (1985) polluted elements 
present in low oxygen concentration might get 
accumulated upto lethal levels at higher trophic level 
through environmental cycle while Paine (1971) and Janna 
and Pal. (1981) have reported that calorific differences 
due to differences in physiological state of an 
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individual were very common, in the present study,it has 
also been observed thut the physico - chemical 
properties ol river water greatly atlected the energic 
values ot animals, thus confirminq the observations of 
Srivastava (1991) who-have studied tlie model of energy 
flow through different components of the Ganga river 
ecosystem ut ShuXlaganj (Unnuo) to Kalakankar 
(Fratapgarh) and reported that calorific values of 
aquatic animals were affected by the physico chemical 
parameters of river water. 
Yasmin ©t. oj.. (1990) observed the seasonal 
variations in the calorific values in relation to 
temperature m Channa punctatus (Bloch). According . to 
Bilgrami and Datta Munshi (1979) the small fishes showed 
lower calorific values than the bigger and carnivorous 
fishes which were the top consumers. In general the 
calorific value of those fishes was high which had high 
lipid contents (Bilgrami, 1991). However, our findings 
are in contrast to the observations made by the above 
mentioned worJters. 
Sitowise variations m the calorific values of 
animals as observed in the present studies might be due 
to the higher concentrations of BOD, COD and lower 
values ot DO, calcium, magnesium and chloride etc. 
L'imilar conclusions have been reported by Bilgrami and 
Datta Munshi (1985). Sinha (1990). Bilgrami (1991) 
Srivastava (1991. 1993 ) and Srivastava st. aj_.[l994). 
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BIOMASS AND MOISTURE CONTENT OF CERTAIN. ARTHROPODS. 
MOLLUSCS AND FISHES 
INTRODUCTION 
Several workers have reported that the biomass 
and moisture contents of consumers varied with the water 
quality Iqbal and Chawdhary, 1977; Abbas and Haq, 1982; 
Afser et. oi., 1983; Bilgromi and Datta Munshi, 1985; 
Tyagi and Vimal, 1987; -Ghoae and Saha, 1988; Srivastava 
et. ai.,1990; Sinha. 1991; Ahmad and Singh, °1992; 
Srivastava, 1993. With a view to study the ettect of Sai 
river water quality on its consumers, the present 
studies have been conducted and the observations are 
presented in this paper. 
MATERIALS AND METHODS 
For the present studies, the selected animals 
were Arthropods (Ma orobrach i um lanmerrei. Neoa robustus. 
Ranatra elonoata); Molluscs fMelanoidee tuberculatua. 
Vivloera benaalenais. Anodonta sp., Lamellidena 
marginalia) and Flahea (Labeo anora. Labe9 d»ro. 
Oxygaater bacaila. Puntiua conchoniua. Puntlua 
crvaopterua. OmpaX bimaculatua. Wallago attu. Mvatus 
tengara, Mystua vittatua. Rita rita. Clupiaoma aarua. 
Paeudeutropiua atherinoidea. Xenentodon cancila. Coliaa 
faaciatus. Glossogobiua gjuris, Macroqnathus aculeatua. 
Maatac^mhaing armatua. Maatacembe1ua pancalua and 
Tetradon cutcutia) . lliese wore collected from the 
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selected sales ot rivej: Sai with the help ot t?ie hand 
and fis)) nets. 
For the estimation ot biomass and moisture 
contents, the animals were first washed and diied with 
fine blotting paper and their wet weight or tresh weight 
recorded. Tlie animals were then kept in an oven at 120^C 
tor 24 hours after which these wore cooled and weighed 
(Adoni et. ai-. 1985). The dry weight of the animals has 
been regarded as the biomass while the difference 
between the fresh and dry weights of the animals us the 
moisture content. 
OBSERVATIONS 
llie percentage of biomass and moisture 
contents of certain arthropods, molluscs and fishes 
collected from the six sampling sites have been 
presented in Table 1. 
It would be clear from the examination ot the 
results presented in Table I that the b-iomasa and 
moisture contents veried with the sitewise, groupwise 
and animal wise variations. 'I"he percentage of the three 
arthropods, selected , Nepa robustus collected from 
Nunshiganj had the maximum biomass of 42.0U% and minimum 
moisture content of b7.92% while tlie minimum percentage 
of biomass 0b.7U% and maximum moisture content of 94.22% 
were observed in Macrobrachium 1ammerrei collected from 
Jagdishpur. 
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Of the fouf molluscs, the maximum biomass of 
65.19'* urid minimum moisture contents of 34.81''^  were 
observed in Lamel11dens marginalia collected from 
Lohdnipur whereas the minimum percentage of biomass 
19.56* and maximum moisture contents of 00.445fe were 
recorded m Vivipera benqalensls collected from 
Jagdishpur. 
Tlie percentage of biomuss and moisture 
contents of nineteen fishes revealed that the maximum 
biomass of 83.76* and minimum moisture content of 16.24% 
were observed m Wa11ago attu collected from Munshiganj 
site while the minimum percentage of biomass 10.52% and 
maximum moisture content of 89.44% were recorded in 
Tetradon cutcutia collected from Dariyupur. site. 
Diomass and moistur-e contents were observed to 
vary in different species of the same genera, us was 
evident in the case of Lal;)eo angra. Labeo ^ero. PuntiuB 
conchonius. Puntius crvaopterus. Mvstus tengara, MvetuB 
vittatus. Mastacembqlus armatus and Maatacqtnfr^ lMff" 
pancaluB. Labeo angra and Labeo dero showed the maximum 
biomass content of 32.74% and 36.89% while the minimum 
moisture content of 67.26% and 63.11% were observed in 
specimens collected from Munshiganj. Punt1us conchoniua 
and Puntiua crvsopterua showed the maximum biomaaa 
content of 30.93% and 35.87% and the minimum moisture 
content of 69.07% and 64.13% respectively. In the genua 
Mvatua. Mvstus tengara showed biomass in the range of 
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31.00* Lo 12.79* and moisture content an the range of 
69.00* to 07.21* while Mygtus vittatua showed biomass in 
the range ot 3J.12* to 19.09* and moisture content in 
t)je range of 66.60* to 00.91* of the species of 
Mastacenibelus. Mastacembelus armatus showed maximum 
biomass of 42.2!5* and minimum moisture content of 57.75* 
while Mastacembelus oancalus showed biomass of 39.87* 
and 60.13* of minimum moisture content. 
DISCUSSION 
llie observations clearly emphasized that 
biomass of the arthropods, molluscs and fishes was high 
Qt those places wliere organic matter was high or where 
cremation took place, the biomass of the animals was low 
at the places where effluent discharge took place. Tlie 
biomass and moiaturo content of the animal a showed 
remarkable site was var'iations in the pr^ esent studies 
which confirTii the lindmqs of Srivastava (1991 and 
1993). According to Negi (1990), biomass of phyto and 
zoobenthos showed a positive correlation. Diomasa showed 
quantitative variation^ in relation to physico chemical 
and biological conditions (Ghose and Saha. 1986). 
Srivastava (1993) has reported the percentage of biomass 
and moisture content m various fishes and also observed 
the variations in the different species of the same 
genera. Smha (1991) concluded that fishes collected 
from polluted sites showed lower biomass and higher 
moisture content while those from comparatively purer 
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sites hud hightJr biomass and lower moisture content. The 
observations of the present studies support the 
observations of Sinha (1991) and the contention of 
Bllgraml and Datta Munshi (1985) that biomass of an 
organism is directly related with productivity. 
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M O W i r O R f N G OF W A T E R QUAL fTY O F RIVER SAf A T B E L A , 
P R A T A P G A R H AS AFFECTED B Y M A S S B A T H I N G 
K.N. SRIVASTAVA, KIRAN SRIVASTAVA AND A.K. SINHA 
Environment Research Centre 
Feroze Gandhi College 
RAE BAREU - 229 001, INDIA 
Monitoring of water quality of River Sal as affected by mass bathing 
on Navratri at Bela, Pratapgarh, was conducted and is reported 
in this paper. Water samples were collected from three sampling 
points upstream, main bathing ghat and down stream on April 23, 1991 
and analysed for certain physico-chemical and biological paranrteters. 
It was concluded from the results that mass bathing causes a signi-
ficant change In water quality of the river, which may pose a health 
hazard to users pf the river water. 
INTRODUCTION 
River Sai, from its origin as a nullah in Hardoi district till its confluence 
with river Gomati at Rajapur Tlrmuhani (Jaunpur), passes through the districts 
of Hardoi, Unnao, Rae Bareli, Pratapgarh and Jaunpur making tl^is area highly 
fertile. The river water is used for drInWng, bathing and irrigation purposes. 
Studies on River Sal with reference to its fauna have been in progress in this 
laboratory for the last few years. Recently observations on (he Impact o1 mass 
bathing on water quality of River Sal at a remote and secluded place like 
Kurri Sudauli (Rae Bareli) on Shivratri day have been reported (Srivastava 
ef «/., 1991). This paper describes our observations on the water quality of Rh^er 
Sal as affected by mass bathing during Navratri at Pratapgarh - a district head 
quarter town in Central Uttar Pradesh. 
DESCRIPTION OF THE SITE 
River 5a/ passes through the District head quarter town of Pratapgarh 
(Lat.25*.56 'N Long 81*.59'E). On the northern side of the town Is situated a renowned 
temple of Bela Devi on the banks of the river where during evdry Navratrt, the 
people gather to take a dip in the river and then pay obeiyance to the deity. 
Three sampling sites were chosen on the right bank of the river Sal 
at Belaghat : 
^ QQ Srivastava et at. 
(I) Sitel, approximately 100m upstream, where no bathing took place. 
(li) Site-ll, where mass bathing took place. 
(Ill) Site-Ill, about 100m down-stream of bathing site (Site-ll). 
MATERIALS AND METHODS 
Water samples for physico-chemical and biological analyses were collec-
ted from all tlie three above mentioned sites on the mass bathing day at 5.00 
a.m. i.e. before the mass bathing, at 10.00 a.m. the peak hours of bathing and 
05.00 p.m. after the mass bathing while for determining dissolved oxygen content 
the sample was fixed on the spot following Winkiers method {Azide modification), 
the conductivity was measured by a portable kit CTC Model CT-105. Other 
parameters were analysed by adoption of standard methods (APHA, 1980). 
Samples for zooplankton count were collected in 10 ml. plastic tubes 
using silk nets (mesh size 25 sieves/cm^. The zooplankton density was calculated 
using the microtransed method as described by Edmondson (1974). 
Benthic samples were collected using quadrats and hand digging 
(2 cm. deep in the surface). Samples were sieved and Washed through a 
standard sieve of 120 mesh size and then Qounted. 
RESULTS AND DISCUSSION 
Obsen/ations on water quality of River S»l as affected by mass bathing 
have been presented in Table-1. 
An examination of the data in table revealed an increase in water 
' temperature and pH at the bathing site during peak hours of bathing. It is evident 
from the data that the temperature was directly proportionate to the bathing acti-
vities and pH decreased with the decrease in the activity. This could be due 
to the strong buffering ( CO", • HCO^ capacity of wafer. The bathing had 
^ no prominent effect on conductivity and showed marked Increase In oxidation 
redox potential subsequent to bathing down-stream. Dissolved oxygen decreased 
at bathing site but increased downstream during peak bathing. The decrease in 
dissolved oxygen with the increase of bathing activity and Increase of biochemical 
oxygen demand with the increase of bathing may be due to increase in exretion 
< of human wastes. Hardness declined slightly at peak bathing. Total solids, total 
dissolved solids as well as total suspended solids increased markedly at 
bathing site with subsequent decline down-stream due to resuspension of sand 
and clay particles. Phenolphthalein alkalinity and total alkalinity decreased with 
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Table-1: Showing Physico-chemical and biological parameters of river Sal at Bela. 
Pratapgarh as affected by mass bathing. 
SI. 
No. 
Parameters Site 5.00 
a.m. 
10.00 
a.m. 
05.00 
p.m. 
1. Water temperature ("c) 
2. pH 
3. Electrical conductivity 
(mmhos/cm) 
4. Oxidation Redox 
Potential (mV) 
5. Dissolved oxygen(mg/l) 
6. Biochemical Oxygen 
Demand(mg/I) 
7. Hardness (mg/l) 
8. Total Solids (mg/l) 
9. Total dissolved solids 
(mg/l) 
10. Total suspended solids 
(mg/I) 
11. Phenolphthalcin 
Alkalinity (mg/l) 
12. Total Alkalinity(mg/I) 
20 29 26 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
8.17 
8.27 
8.20 
0.6 
0.6 
0.6 
-075 
-080 
-070 
6.5 
5.9 
5.2 
1.24 
1.50 
1.88 
200 
200 
200 
310 
330 
325 
267 
. 278 
275 
043 
052 
050 
16 
15 
10 
150 
130 
140 
8.18 
8.41 
8.33 
0.7 
• 0.7 
0.8 
-072 
-076 
-094 
5.82 
3.49 
5.90 
1.67 
3.6 
2.46 
200 
218 
200 
412 
832 
384 
284 
302 
285 
118 
530 • 
099 
17.5 
7.5 
12.5 
140 
125 
140 
8.33 
8.28 
8.39 
0.6 
0.7. 
o.d" 
-085 
-085 
-093 
7,9 
4.2 
6.49 
2.64 
3.00 
2.60 
200 
200 
200 
335 
390 
358 
250 
277 
238 
085 
113 
120 
15 
10 
10 
155 
150 
140 
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T«ble-1 (Contd...) 
13. 
14. 
15. 
16. 
17. 
Chlonde (mg/l) 
CaJctum (mg/I) 
Magnesium (mg/J) 
Free CO, (mg/J) 
Fluoride (mg/J) 
Zoopiankton density 
Benthos density 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
. U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
U.S. 
B 
D.S. 
35.50 
39.76 
34.08 
41.68 
28.86 
24.85 
63.29 
84.39 
90.98 
A 
A 
A 
1.47 
1.39 
1.43 
114 
89 
51 
800 
625 
575 
41.18 
48.28 
42.60 
33.67 
27.25 
31.26 
88.35 
87.03 
80.43 
A 
A 
A 
1.43 
1.43 
1.43 
93 
19 
34 
450 
50 
300 
38.16 
44.02 
41.18 
32.87 
26.45 
27.25 
77.80 
88.35 
87.03 
A 
A . 
A 
1.43 
1.43 
1.43 
156 
95 
63 
1250 
825 
650 
the increase in the bathing activities with an increase down-stream. This may 
be due to the practice ot washing of ciothes by the bathers. The increase 
• in chloride content during bathing may be due to the dirt and sweat of the 
bathers with decrease at the down-stream site. However, Calcium, Magnesium 
showed decline at the bathing site while cart>on dioxide and fluoride showed 
no change both at down-stream as well as at the bathing site. 
There was markedly significant decline in zoopiankton as well as benthos 
density during the peak bathing activities, probably due to the disturbance 
*of bottom sediments. This may adversely affect the ecosystem. 
The 'observations also revealed that dissolved oxygen, biochemical 
oxygen demand and total alkalinity concentration were lowest at Beta ghat where 
sewage out-faJI opens, which might be responsible (or the further deferioration 
of water qualrty. The results of the present studies are in general agreement 
with those of Upadhyay et af. (1982); Sinha et a/. (1986, 1991)'; Singh et al. (1969) 
and Srivastava et al. (1991). "^ 
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The present studies indicated that the mass bathing caused a significant 
deterioration in the water quality of the River Sal at Bela, Pratapgaarh. The 
pollgtion load of river increases during mass bathing which may be injurious 
to the health of the people having a holy dip in the polluted water. Drinking of 
such water may produce several diseases like Cholera, Typhoid, Jaundice 
and Dysontry. Thus H may be concluded from these observations that mass 
bathing makes the river water unfit both for bathing and drinking. 
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Feroze Gandhi College 
Rae Bareli - 229 001 
INTRODUCTION 
River Sot, a tributaiy of river Gomati, originates from 
Gausgai\jin Hardoi district and after travei-sing through 
the industrially developing districts ofUnnao, RaeBareli, 
Pratapgarh and Jaunpur merges on the borders of 
Varanasi district Limnological studies of river Sai have 
been in progi^ss in this laboratoiy for the last few yeai-s. 
This paper deals with the water quality of the river at its 
point of origin and confluence. 
EXPERIMENTAL 
Water samples from the river Gausganj (Hardoi) at the 
point of origin and at R^apur Tirmuhani, the place where 
the river merges with Gomati were collected in polythene 
containers and brought to the laboratoiy. While tempera-
ture and dissolved oxygen values were studied at the site, 
'^Ither parameters were studied by adoption of the 
procedures described inAPHA'. Thezooplankton density 
was studied using the method of Lackety^  as modified by 
Edmondson. 
RESULTS AND DISCUSSION 
Observations on ceitain physio-chemical parameter 
and zooplankton density at the points of origin and conflu-
ence of river Sai are presented in Table 1. 
A comparison o^the data reveals that the values at 
the origin were generally lower than those at the 
confluence. It may be noted that the river gets 
discharges from municipal wastes paper mills, sugar fac-
tories, tanneries etcT while passing through Unnao, 
RaeBareli and Pratapgarh. Studies carried out in this 
laboratoiy revealed, that the water quality of river 
gitidually gets deteriorated while traversing through 
these industrially developing districtsV However, results 
of Gausganj and Rajapur Tirmuhani did not vaty 
significantly. 
CONCLUSION 
It may be concluded from the results that the process of 
natural purification near or at the point of confluence, 
appears to have taken place and the river appears to have 
regained its purity. 
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IMPACT OF MASS BATHING ON THE 
WATER QUALITY OF RIVER SAI AT 
BHAURESHWAR NATH (RAE BARELI) 
INDIA ON "MAHA SHIVRATRI" 
Kiran Srivastava, V. P. Singh, Ajit K. Srivastava, K. N. Srivastava, D. 
E. Reuben* and A. K. Sinha 
The problem of nycr pollution has increased manifold in recent years because of rapid industhalisa-
lion and urbanisation. Mass bathing, also significantly affects the physico-chcmicaJ and biological 
parameters of water. The impact of large scale bathing on the water quality of river Soz at Bhauresh-
war Nath. Rae Barcli (U.P.) was studi.cd on Maha ShivTatri Day, 1989 and reported in this paper. 
Water samples were collected from three different points : from upstream, main bathing ghat and 
down stream between 5.00 AN1 and 5.00 PM at intervals of every two hours. The parameters 
studied were temperature, pH, electrical conductivity, oxidation redoxpotcntial, turbidity, dissolved 
oxygen, biological oxygen demand, chloride, hardness, calcium, magnessium, alkalinity, solids, 
planktons and benthos. Results revealed that the intensity of the pollution was maximum at the 
Environment Research Centre, Fcroze Gandhi College, Rae Bareli • 229001, India 
*'Department of Botany. Christ Church College, Kanpur. India 
. Snvuuvt, Smgh ^5' 
main bathing ume i.e. 11.00 AM. It was concluded thai mass bathing causes further deterioration 
in the water quality of the nvcr. 
INTRODUCTION 
The nver Sai, a tributary of the river Gomau, has its emergence in the form of a nallah m Hardoi 
district and takes the shape of nver in Unnao distnct. After tniver«,ing through the districts of 
Hardoi, Unnao, Rae Bareli and Pratapgarh, the river merges with the nvcr Gomali in the disu-ict 
of Jaunpur. The river Sai is the main source of water for drinking and irrigation purposes in these 
districts. The rapid mdustrialisauon and urbanisation of lowns/ciues near or at the bank of the < 
river, the load of urban sewage, industrial effluents, bumi/unbumi dead bodies and carcasses as 
well as the agricultural run off have threatened the water quality of the river Sai. 
Like any other Indian river, Sai river is also used for mass bathing on the important fesuvals at 
selected sites. Bhaureshwar Nath is one of the several places where every year mass bathing 
occurs on Maha Shivratri day because of the presence of an age old temple of Lord Shiva, located 
at the left bank of the river Sai in the north-west comer of the district in the Village-Rampur 
Sudauli (Lai 26' 28' N and Long. 81' 7' E). The importance of the place is further attributed 
because of the geographical situauon. The boundaries of the disuicis of Lucknow, Rae Bareh 
and Unnao meet at this place. As the sior>' goes the ancient name of the temple was Bhecmcshwar 
because the temple was founded by Bhecm (Ilnd son of Pandu) In tho rcign of Mughal emperor 
Aurungjeb and lot of temples were damaged. In this chain Bhecmcshwar lemplc was also attempted 
by when ihey uied to demohsh the temple, a number of black wasp^ (Bhaura'n) emerged near 
the shivling and covered it. Impressed and surprised at this dcvinc event, the emperor ordered 
for the repair of the temple and christened the temple as BHAURESHWAR NATH temple. (Nav 
Bharal Times, 1990). Because of its sacred, mythological and historical importance, Bhaureshwar 
Nath attracts a large number of devout pilgnms on Maha Shi\ rain Day, who take a hoi) dip m 
the river and then offer prayers in the temple. 
In view of the congregation of a large number of people, the present studies have been conducted 
to assess the impact of mass bathing on the water quality of the nver Sai on Maha Shivratn at 
Bhaureshwar Nath (Rampui' Sudauli) and this paper embodies our ooscrvauons. 
MATERIALS AND METHODS 
At Bhaureshwar Naih (Rampur Sudauli) three sampling sues were selected for the present studies. 
1. Abo\il 200 m. upstream of ihe main bathing ghat vvherc bathing activity was negligible. 
2. Main bathing ghat where maximum number of pc4)ple (about 50 iliousand) took a dip in the 
river. 
3. About 200 m. down stream of the sue-2 where bathing activity was negligible. 
Water samples were collected from the above menuoncd sites from 5.0 AM to 5.0 PM at every 
2 hours intervals. After measuring temperature and dissolved-oxygen on the spot, water samples 
were stored in preclcancd polythene containers for further physico-chemical analyses which were 
carried out by standard methods as described in APHA (1980). 
]52 Environment Management in Developing Countries 
The plankton density (phyto and zooplanktons) was measured as per the method described by 
Lack6y (1938) and subsequently modified by Edmondson (1974). Benthos density was measured-
by scivc method (APHA. 1980). 
RESULTS AND DISCUSSIONS 
Impact of mass bathing on certain physico-chemical and biological parameters of water of Sal 
river have been shown in Table I. Parametcrwise observations are described below : 
Temperature 
Table I revealed that the temperature varied between 16° and 26 C. The maximum lemperature 
(26°C) was observed at bathing site at 11.00 AM which revealed that the temperature was directly 
proportional to the bathing activities. 
pH 
The pH value of the water was also related to the bathing activity. The maximum pH (8.75) was 
obser\ed at bathing site on 1 l.(X) AM, when maximum number of people took bath in the river. 
It is evident from the date that as the bathing activity decreases the pH also decreases. However 
throughout the studies, water of the river was alkaline. ° 
Electrical conductivity and Oxidation Redox Potential 
Electrical conductivity and Oxidation Redox Potential ranged between 0.6 to 0.9 mmho and -092 
mv respectively at all the sites. The conductivity values indicate the existence of ionic species 
in the laminar and sublaminar layers of Sai water. 
Turbidity 
An examination of the data in Table I clearly indicated that the turbidity was directly related 
with the mass bathing activity. This might be due to the stirring of the water sedmiment particles 
due to bathing. • I 
DISSOLVED OXYGEN (D.O.) AND BIOLOGICAL OXYGEN DEMAND (B.O.D.) 
D.O. and B.O.D. ranged between 8.1 and 13.3 and 2.6 and 7.7 mg/1 respectively. It was noted 
that D.O. increased with the increases in bathing activity. As per the ISI Standards (1983) the 
tolerance limit for BOD value is zero. During the present study the BOD values are indicative 
of the presence of micro organisms in the water of Sai which is similar with the observations o/ 
Singh ei al. (1989) in the river Ganga water. 
Hardnfss 
It ranged from 140 mg/1 to 160 mg/1. A slight increase of hardness was observed during y»e 
bathing. 
Snvasuva, Singh.. 
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Total Solids, Total dissolved Solids and Total Suspended Solids 
Toial Solids. Total dissolved solids, and total suspended solids increased with the increase of 
mass bathing and ranged between 212 and 408, 192 and 358 and 20 and 66 respectively. 
Total Alkalinity 
Alakalimiy ranged from 125 mg/1 to 240 mg/1, Surpnsingl\ alkalinity decreased with increase in 
the bathing acuvity. 
Chloride 
Chloride content increased with the increase in bathing and it ranged between 28 40 mg/1 to 48.28 
mg/1 at all the sites. This might be due to dirt and sweat of the bathers released dunng bathing. 
Calcium and Magnesium 
Calcium and magnesium showed no significant change and ranged between 20.0 and 32.8 and 
28.5 and 36.0 mg/1 respective!)' A critical cxaminauon of the Tabic 1 showed iJiai the values of 
calcium were higher while those of mg contents were lower than tlic recommended bmits by the 
LSI (1983) 
Biological studies 
All ih6 three biological parameters i.c phyioplankion dcnsiis, zooplankion dcnsil\ and benthos 
density decreased with the increase of bathing activity (Table II) This might be due to disturbance 
of bottom sediments by bathers Our results are in agreement with those of Upadhyay et al 
(1982). Chattopadhyay et al (1984) and Sinha et al (19Sb) 
Tabic n. Density of plankton and benthos in the Sai river at IJIiJurcsliwar Nath during mass bathing 
on .Muha Shi\ratri. 
PanmcUr 
Phytoplknlcion (NoVliire) 
Zooplmkton (Nojbue) 
Bemhos (Amm*ls/sqm) 
Site 
US 
B 
D.$ 
US 
B 
DS-
LS 
B 
DS 
S.M 
818 
681 
738 
91 
72 
79 
4150 
1525 
1175 
A.M. 
7.00 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
XD -
ND 
9.00 
ND 
ND 
ND 
NT) 
ND 
NT) 
ND 
ND 
ND 
1100 
590 
250 
340 
68 
14 
41 
2425 
Nil 
SOU 
1.00 
NT) 
ND 
ND 
ND 
VD 
ND 
ND 
ND 
ND 
P.M. 
3.00 
NT) 
ND 
ND 
ND 
.ND 
ND 
ND 
KD 
ND 
s.oo 
625 
340 
432 
63 
24 
36 
350 
325 
575 
Kingc 
590-818 
250-681 
340-738 
6 3 - 9 1 
1 4 - 7 2 
3 6 - 7 9 
350-4150 
0-1525 
575-1175 
NT) = Not done 
1S6 Environmeni Management in Developing Countries 
II may ihus be concluded thai mass bathing causes dcieriorau'on of the water quality of Sai river. 
This pollution load of the river water may be injiuious to the health of people having a holy dip 
in the polluted waters. Drinking of such water may produce several diseases like typhoid, fever, 
cholera, etc. (Laubusch, 1958). The results of this study clearly emphasize that the water of Sai 
is unfit both for bathing and drinking paqposes on bathing days. 
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